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INTRODUCTION AND SUMMARY 

The Prop-Fan propulsion concept offers the potential for a significant In- 
crease In fuel efficiency for future transport aircraft. This report was 
prepared to ensure that the technical information generated from recent 
wind tunnel and anecholc chamber tests conducted by Hamilton Standard, and 
the latest Prop-Fan designs performed by Hamilton Standard, will provide 
the data required to support NASA's on-going contracted studies. 

The report provides updated parameterlc Prop-Fan data packages and the 
rationale used In developing the new Prop-Fan data. The data respresents 
Hamilton Standard's projection of Prop-Fan characteristics for aircraft 
that are expected to be In-service in the 1985 to 1990 time frame. 

The basic Prop-Fan configuration is designed for efficient operation at 
0.8 Mach number and 35,000 feet (10,668 M) altitude. The design blade tip 
speed Is 800 feet per second (244 mps) and the design power loading Is 
37.5 shp/n2 (301 KM/m 2) for maximum climb power at 0.8 Mach and 35,000 
feet (10.668M). 

All of the new data are founded on this basic design configuration. Recent 
studies on advanced transport Prop-Fan configurations designed for cruise 
operation at other than 0.8 Mach number but between 0.7 to 0.85 Mach number 
indicate that the 0.8 Mach baseline provides near optimum level of aero- 
dynamic and acoustic performance. Hence the data presented here are 
optimized for an 0.8 Mach configuration and are also representative of 
Prop-Fan performance characteristics for advanced transports at design 
points both below and above 0.8 Mach number. 

The new data packages are enclosed as Attachments SP 13A77 through SP16A77, 
SP18A77 through SP20A77 and SP03A78. The discussions that follow Include 
a description of the new data and the manner in which they were generated. 
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aerodynamic performance 


Recent design trends In near-field source noise reduction and Increased 
efficiency have resulted In an eight blade Prop-Fan configuration that has 
more sweep and activity factor per blade than its predecessor (Model SR-1). 
The ten blade Prop-Fan configuration was developed because of its improved 
noise, efficiency, and weight characteristics, but it retains the same total 
rotor activity factor as the eight blade Prop-Fan. 


The performance data shown in Attachments SP13A77 and SP14A77 have been up- 
dated to reflect 1) the latest performance level estimates for eight and ten 
blade Prop-Fans, 2) data at additional Mach numbers, and 3) Prop-Fan slipstream 
characteristics. This information provides a means to establish the aero- 
dynamic efficiencies and slipstream characteristics for eight and ten blade 
Prop-Fans from static operation through operation at 0.80 Mach number. The 
data are shown in the traditional nondimensional coefficient format, i.e., 
net thrust coefficient (Cy Net ) as a function of power coefficient (Cp) for 
constant values of advance ratio (J). The tabular form is provided to 
ease computer application. 


Performance tables are provided for Mach numbers ranging from 0.55 through 0.80 
in increments of 0.05 Mach number plus an additional table for operation below 
0.55 and static performance. Although the 0.55 to 0.80 Mach number tables 
include a tabulation of net efficiency (7fliet), the user is urged to employ 
the net thrust coefficient (Cx Net ) for computer inputs to simplify the inter- 
polation processes. 


The performance data contained in the packages were generated through 

Hamilton Standard’s performance program H444. The projected efficiency 

levels that form the basis of the data packages were developed from the wind 

tunnel test results on the SR-1 and SR-2 Prop-Fan models, from the predicted 

performance of recently designed Prop-Fan models incorporatino an advanced 

olan form shape and from the projected benefits of using advanced airfoil sections. 


A simplified method developed by the Boeing Company for calculating slipstream 
characteristics revealed good correlation with a more sophisticated Hamilton 
Standard method and with the swirl data developed during Prop-Fan model wind 
tunnel testing. The simplified method (based on the ideal propeller 
characteristics method presented in Volume 4, Division L of "Airplane 
Propellers" by H. G1 avert in the Durand "Aerodynamic Theory" series) estimates 
swirl angle and axial slipstream velocity distribution as a function of blade 
nondimensional radius. From this information and the predicted performance 
shown in the tables, the average swirl angle (0) and the average axial induced 
velocity immediately behind the Prop-Fan rotor, in terms of AV/V, have been 
derived. The results suggest that the number of blades and Mach number 
are second order effects. Accordingly, the slipstream characteristics are 
tabulated only as a function of power coefficient (Cp) for specific values of 
advance ratio (J). 
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AERODYNAMIC PERFORMANCE (Continued) 

Sample problems in both English and SI units are provided with both per- 
formance data packages. 



Slipstream Characteristics 
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FAR- AND NEAR-FIELD NOISE 


Far-fleld noise generalizations are presented for six, eight, and ten bladed 
Prop-Fans. The data allows the user to predict perceived noise levels and 
effective perceived noise levels during take-off and landing. The effective 
perceived noise level Is a particularly valuable parameter since this is the 
measure used to establish Noise Certification Limits and to assess potential 
aircraft annoyance factors in areas adjacent to airports. 


The far-fleld noise prediction procedure employed herein has been developed 
by Hamilton Standard for propeller noise predictions during the past ten 
years. It has been adopted by the Society of Automotive Engineers as an 
Aerospace Information Report (AIR 1407) and found to yield predictions generally 
within 3 PNdb of measured propeller noise levels. The reliability of the far- 
field method is enhanced by the good correlation obtained between actual Prop- 
Fan model test data and predictions derived using the Prop-Fan far-field 
method. 


The near-field noise generalization provides fairly extensive detail for six, 
eight, and ten bladed Prop-Fan configurations. The procedure includes the 
Influences of altitude, fan tip to fuselage spacing, and directivity. The 
directivity information is use*»l in establishing the amount of fuselage 
treatment needed to provide uniform Interior cabin noise levels near the plane 
•f rotation where the directivity is seen to peak. 


The Influence of spacing between the Prop-Fan tip and the fuselage on noise 
levels is helpful in assessing the trade-off between fuselage acoustic treat- 
ment weight and aircraft structure and control surface weights (i.e., moving the 
nacelle out on the wing reduces noise and treatment weight but may require an 
increase In tail size to meet aircraft control requirements or a wing weight 
change for structural reasons). 


The near-field noise prediction method is based on the theoretical Prop-Fan 
prediction procedure developed by Hamilton Standard. Computer results have 
been generalized to indicate the level of noise expected for a fully developed 
Prop-Fan. Tests are currently under way to confirm the accuracy of the 
theoretical prediction procedure. 


The Prop-Fan gearbox noise generalization provides estimates of the uninstalled 
(i.e., without additional attenuation from enclosing nacelles) gearbox noise 
associated with a Prop-Fan propulsion system. The prediction method is derived 
from a procedure developed by Hamilton Standard and published in FAA report 
rM-RD- 76-49, II, entitled V/STOL Rotary Propulsion Systems Noise Prediction 
and Reduction . The absol ute accuracy of 1 the method has not been established 
by correlation studies with test data since there is little test data avail- 
able on Installed gearboxes. However, the method should be adequate for pre- 
liminary design studies of Prop-Fan systems. 
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FAR- AND NEAR-FIELD NOISE (Continued) 

It should be noted that the near-field gearbox noise in cruise is not expected 
to be significant since fuselage sidewall attentuation is large at frequencies 
where gearbox noise predominates. Moreover, during takeoff -.and landing, gear- 
box noise is generally well below that of the engine and Prop-Fan and should 
not significantly contribute to perceived noise. Accordingly, the gearbox 
noise prediction method is presented here to help complete the noise estimates 
for a Prop-Fan propulsion system. 
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WEIGHTS 


The weight information contained in the SP18A77 and SP19A77 packages is pro- 
vided to help the airframe designer in formulating aircraft weights for pre- 
liminary design studies. The curves show weight estimates for eight and ten 
blade Prop-Fan installations (i.e., high-speed rotor and gearbox systems) 
designed for 0.80 Mach number cruise aircraft. The technology level employed 
Is a ppropriate for a Prop-Fan system expected to be in-servia in the 1985 to 
1990 time period. 


The power loading (SHP/D^) term used on the rotor weight curve in Figure 1 of 
the packages, is based on the maximum power delivered to the rotor. This 
usually occurs during the takeoff roll. The tip speed (TS) that should be 
used for rotor weights is that at which the maximum power occurs. The weight 
curve in Figure 1 is plotted for a tip speed of 800 ft/sec (244 m/sec). Rotor 
weights for other tip speeds can be obtained by utilizing the conversion 
formula provided in the curve notes. Figure 2 shows a curve of gearbox weight 

as a function of the maximum delivered output torque. The curve is based on a 
total gear ratio of 8:1. Gearbox weights for other gear ratios can be obtained 
from the conversion formula provided on the curve. 


The data provides uninstalled rotor and gearbox weight estimates, including 
the major components defined on the curves. The weight of a fully installed 
Prop-Fan propulsion system Is estimated to be 1.3 times the sum of the 
rotor, gearbox and engine weight. This factor is based on a turboshaf^ engine 
weight of 0.167 pounds per SHP (0.101 kg per KW) and the additional weight 
contributed by the following components: 

. Nacelle cowling and fairings 
. Naceile structure for attachment to wing 
. Engine- to-gearbox coupling structure and shaft 
. Engine/gearbox mounting to nacelle structure 
. Engine air inlet ducting 
. Engine exhaust system 
. Fire control system 
. Gearbox cooling and oil tankage system 
. Engine starting sy'tem 
. Hydraulic system t nd hydraulic fluid 
. Electrical system 
. Fuel system 
. Pneumatic system 

. Engine and Prop* Fan control linkage. 
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WEIGHTS (Continued) 

The weight projection in the two data packages presented here are a result 
of the latest Prop-Fan technology development work. Two specific technology 
areas have contributed significantly to this worn. First, the rotor weights 
t.nke into account the projected blade planform shapes from recent aerodynamic 
and acoustic design work; second, the rotor weights reflect the results o* a 
recently completed reliability and maintenance study. The reliability and 
maintenance cost efforts were completed under NASA contract NAS3-20057 and 
will be published as NASA CR135192. The study report is entitled "Study 
of Turboprop Systems Reliability and Maintenance Costs. 


During the R&MC study, a 12.8 foot (3.9m) diameter point design Prop-Fan 
with eight blades was concepted. The weights of all parts were estimated and 
it is these weights which form the basis for the parametric data being dis- 
cussed here. These estimated weights were ratioed using mathematical relation- 
ships proven by past propeller experience to provide rotor weights for the 
diameter range of 10 to 20 feet (3.05 to 6.1m) and power loading range of 15 
to 80 SHP/D^ shown in the parametric data. The rotor concept includes several 
features which were designed to improve reliability and ease maintenance but 
which Increased the rotor weight. Among these are separate blade retention 
bearing races and a bolted rotor mounting flange. A rotor weight increase was 
also incurred due to the increased blade chord width associated with improved 
performance in the eight blade rotors. This weight increase is also reflected 
in the ten blade rotor which has the same total rotor solidity as the eight 
blade rotor. The ten blade rotor is significantly lighter than the eight 
blade rotor for the same diameter and power loading. This is because the total 
blade solidity is comprised of more but narrower airfoils in the ten blade 
rotor resulting in lower total blade weight, loads and twisting moments. 


The gearbox weight curve in Figure 2 shows a linear relationship of weight 
with output torque. This is based on past parametric studies in addition 
to the preliminary design work accomplished during the turboprop reliability 
and maintainability study. The weights are based on a dual compound idler 
gearbox concept with a high bearing set BIO life. Both of these gearbox 
design features were incorporated to improve reliability and reduce main- 
tenance costs. 
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INSTALLATION GUIDELINES 


Previous studies have shown that the selection of the optimum Prop-Fan con- 
figuration and power loading must include an assessment of Prop-Fan diameter 
and its impact on the aircraft design. It is recommended, therefore, that 
these guidelines be used in the general parametric and preliminary design 
studies for Prop-Fan propulsion systems. 


A typical Prop-Fan nacelle arrangement is shown in Hamilton Standard drawing 
SK 93074. This drawing reflects an updated version of the 12.8 foot (3.9m) 
diameter, eight blaoe point design Prop-Fan studied under NASA contract 
NAS 3-20057. An Allison PD 370-22 engine is shown driving the Prop-Fan with 
blades of advanced design through a dual compound idler gearbox. Aircraft 
accessories are driven from a pad on the upper rear of the gearbox. The 
Prop-Fan pitch change regulator and slip ring assembly are both mounted at 
the center rear of the gearbox with quick disconnects to ease maintenance. 
Based on discussions with engine and airframe manufacturers, an engine 
inlet duct with a 10% area reduction from iniet to engine compressor face 
is shown. Nacelle axlsymmetric radius and length were obtained from 
attachment SP20A77. 

Formulas for Nacelle Placement 


The Prop-Fan spacing requirements on the wing for a four engine aircraft, 
shown in Figure 1 of attachment SP20A77, are governed by three factors: 

1) erosion and impact effects on the blades, 2) excitation of blades during 
ground operation and 3) cabin noise. The first factor defines the recommended 
blade-to-ground clearance, H; the second defines the separation of adjacent 
Prop-Fans, T; and the third defines the separation of the inboard Prop-Fan 
from the fuselage, F. Excitation of the blades is also influenced by "F" but 
at the recommended separation the noise requirement is the controlling factor. 


The recommended ground clearance to assure low blade impact and erosion rates 
from foreign objects is proportional to the aircraft size, takeoff and landing 
distance, the suction action of the Prop-Fan, and the flight frequency. The 
takeoff and landing distances are directly proportional to wing loading or 
cruise Mach number and inversely proportional to the thrust. The suction 
factor is proportional to the disc loading, or thrust divided by the square 
of the Prop-Fan diameter. Thus, the required ground clearance is proportional 
to the aircraft gross weight and cruise Mach number divided by the square of 
the Prop-Fan diameter assuming a given takeoff and landing distance and flight 
frequency. 
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INSTALLATION GUIDELINES (Continued) 

The recommended separation of adjacent Prop-Fans, T, is defined so that the 
slipstream of the outboard Prop-Fan does not interfere with the inboard Prop- 
Fan or vice versa. This is a geometric problem involving the wing swiap, which 
increases the required separation. The formula is based on a minimum clearance 
of flow fields of 5i of the Prop-Fan diameter in order to assure low excita- 
tions during ground running operations. 


It is desirable to locate the Prop-Fan a large distance, F, from the fuselage 
to minimize cabin noise. However, trade-off studies of wing structural weight 
and tail surface area versus cabin acoustic treatment weight, must be conducted 
for individual aircraft design to determine the optimum Prep-Fan placement. A 
recommended value of F equal to (0.8) D is based on several studies of this 
nature. A minimum value of F equal to (0.2) D is required to maintain blade 
excitation loads within acceptable limits. The noise levels at the fuselage 
for values of F between (0.2) D and (1.6) D are presented in the near-field noise 
data package in attachment SP15A77. 


Definition of Nacelle Configuration 

The Prop-Fan nacelle configuration in Figure 2 is determined primarily by two 
factors: performance and aerodynamic blade excitations. The former dictates 

the required axi symmetric diameter, d, of the nacelle as a function of power 
loading SHP/D^. The dashed line represents the more realistic configuration 
needed for handling the engine inlet. Figure 3 shows the required ratio of 
nacelle diameter to Prop- Fan diameter for the 8 and 10 blade Prop- Fans of 
equal total activity factor based on reducing the velocity at the plane of the 
blades to alleviate compressibility losses and blade root choking. The six 
blade configuration with the same activity factor per blade as the eight blade, 
has less root choking and, therefore, permits a smaller nacelle diameter. 

Since the effects of nacelle diameter on performance have not been sufficiently 
analyzed at the higher power loadings, the diameter ratios in Figure 3 were 
cut off at a reasonable level. 


The basic structural capacity requirements of the blades and hub are dictated 
primarily by the aerodynamic excitation loads and blade response of the Prop- 
Fan. The blade excitations are functions of the angularity and velocity varia- 
tion in the flow field at the plane of the Prop-Fan. These are usually expressed 
in terms of Excitation Factor, EF * &e (V/ 348)2, where 0e is the equivalent 
angular inflow at the plane of the Prop-Fan and is proportional to the 
dynamic pressure. The equivalent angular inflow, ^e. Is dependent on several 
factors: the distance, L, the plane of the Prop-Fan is from the quarter chord 

of the wing; the tilt angle, ^t, of the Prop-Fan thrust axis, or nacelle, with 
respect to the zero lift line of the wing; the strength of the wing circulation 
or wing loading; the attitude of the aircraft and the variation in the flow 
field due to the sweep of the wing. By optimizing the nacelle tilt, t/>t, the 
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INSTALLATION GUIDELINES (Continued) 

excitations during cruise are usually minimized and the excitations during climb 
are significantly decreased. Usually, the maximum climb condition determines 
the design excitations and loads on the blades. Parametric analysis shows that 
the blade moment and shear loads are proportional to 0-3 and DS respectively, 
so that the respective steady-shaft loads, M and V, are proportional to 
and t)2 times the number of blades. For convenience, the equations for M and 
V in Figure 4 have the number of blades and the effect of blade activity factor 
included in the constants. The curve of nacelle lengtn versus Prop-Fan diameter 
in Figure 4 is based on an equivalent excitation factor of 5 which includes 
both first order and higher order excitations. The greater nacelle lengths 
are necessary for higher Mach number operation because the increasing wing sweep 
with Mach number increases significantly the higher order blade aerodynamic 
excitations. The steady-shaft load, M and V, are functions only of the first 
order (once-per-revolution) aerodynamic loads. Therefore, these loads decrease 
with Mach number because of the greater percentage of higher order excitation 
in the equivalent excitation factor of 5. 


Wing/Nacelle Stiffness Required to Prevent Whirl Flutter 

Fiaure 5 is a schematic diagram of a Prop-Fan with diameter, D, mounted distance, 
A , from the effective torsional center of the wing/nacelle mounting system 
with a torsional stlffnes, Kf. 

Figure 6 shows how the minimum required Kj to prevent whirl flutter varies with 
the ratio 0/A at several Prop-Fan diameters. 


The minimum effective torsional stiffness requirements are based on a simple 
Houbolt whirl flutter analysis using propeller derivatives based on our aero- 
dynamic performance results. The trends follow those in Houbolt 's & Reed's 
IAS paper 61-34, "Propeller-Nacelle Whirl Flutter." As diameter increases, 
the Prop-Fan mass and moment of inertia increase, thereby requiring greater 
effective torsional stiffness to assure stability from whirl flutter. The 
aerodynamic derivatives increase with flight speed, so that more stiffness is 
required at higher Mach numbers. As the ratio 0/A increases, the required 
stiffness increases because aerodynamic damping, (i.e., stabilizing forces times 
pivot length) decreases. 
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INSTALLATION GUIDELINES (Continued) 

Sensitivity Requirements for Passenger Comfort 

The aircraft sensitivity requirements for passenger comfort are a function 
of two factors: the vibration level requirements for passenger comfort and 

the once-per-revolution excitation due to Prop-Fan unbalance. An acceptable 
overall cabin vibration level is dependent on the statistical sum of the excita- 
tions transmitted from tlr inboard and outboard Prop-Fans. This relationship 
is shown in attachment SP20A77. The cabin comfort vibration limit is based on 
the information given in the March, 1965 issue of "Mechanical Engineering" 
which shows that the imperceptible level is inversely proportional to the 1.15 
power of the frequency and, therefore, directly proportional to the 1.15 power 
of the Prop-Fan diameter for a constant tip speed. A parametric statistical 
unbalance analysis conducted by Hamilton Standard shows that Prop-Fan unbalance 
is caused by both aerodynamic and mass unbalance effects which are proportional 
to the square of the Prop-Fan diameter for a given tip speed and to the square 
root of the number of blades. The allowable unbalance then is in vers ley pro- 
portional to the diameter squared and the square root of the number of blades. 
Combining the above two factors of permissible unbalance and vibracion levels, 
leads to the relationship on the last page in attachment SP20A77. The absolute 
value of Prop-Fan unbalance was scaled based on the QHC-7 propeller unbalance, 
which has resulted in imperceptible cabin vibration. 
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RELIABILITY AND MAINTENANCE 


A data package has been prepared that contains the following reliability and 
maintainability Information for a range of sizes of Prop-Fan and reduction 
gearboxes: 

. Removal rates 

. Direct maintenance man hours per flight hour and parts cost per 
flight hour. 


Several assumptions and conditions were made in estimating the reliability 
and maintainability values presented In the data packages: 

. Blade tip-to-ground clearance is per H of Figure 1, SP20A77. 

. A duty cycle of 1.25 hours per flight was assumed. 

. A comnerclal operating environment with average monthly aircraft 
utilization of 250 hours was assumed. 


. A conmercial on-condition maintenance philosophy was assumed. 


The R4M data was aenerated based on NASA- funded work performed by Hamilton 
Standard and to be reported In NASA CR-135192. In that program, a detailed 
reliability and maintenance cost study was performed of the Prop-Fan config- 
uration as proposed for use In a conmercial environment. The study focused 
on the following Prop Fan and gearbox Items: 

Prop Fan Gearbox 


o Spinner 

o Disc & Aft Fairing 
o Forward Cover & Fairing 
o Blades 

o Pitch Change Actuator 

o Pitch Change Regulator 

o Slip Ring Assembly 
o De-icing Conduit Assembly 


o Gearbox Housing 

o Main Reduction Gear Train 

o Accessory Drive Gear 

o Power- take-off Drive Gear 

o Prop Brake 4 Hydraulic Pump 
Drive Gear 

o Lube Oil Pump Drive Gear 


o Transfer Tube Assembly 


o 

o 


Variable Delivery Pump 
Auxiliary Pump 4 Filter 



Mounted on gearbox at 
Hydraulic pump drive. 
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The basic data contained In the referenced report was generated based on 
analysis of the Prop-Fan configuration design and preliminary parts list. 
Specific techniques utilized can be summarized as follows; 

• A piece-part reliability prediction was performed. The 
primary data source was Hamilton Standard's experience with 
the 54H60-77 propeller used on the P-3 aircraft. Other data 
sources Included vendor data and Government Industry Data 
Exchanger Program (GIDEP). 

• Average repair times, which are needed to develop maintenance 
man-hour per flight-hour estimates, were developed by Hamilton 
Standard personnel from the Overhaul and Repair Department who 
are skilled In estimating repair times under competitive 
conditions. Results were compared with, and validated against, 
records of actual repair times for similar equipment. 

• Parts cost per repair were developed based on historical records 
for similar hardware from which repair costs as a percentage 

of acquisition cost were established. These percentages, adjusted 
to reflect the on-condltlon maintenance philosophy, were applied 
to the Prop-Fan acquisition costs and, in turn, the parts cost 
per flight hour estimates were determined based on removal/ 
repair rates. 
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In this section cost estimates for a Prop-Fan propulsion system are provided. 
The cost estimates contained herein are budgetary, 1977 economy, and intended 
for study purposes only. 


The Prop-Fan system is envisioned to include the rotor assembly (blades, disc, 
pitch-change actuator, and spinner), a pitch change regulator, a slip ring, 
and an integrated gearbox unit (gearing, housings, lube system). The costs for 
this program were estimated on the basis of similar programs conducted recently. 
The hardware costs were estimated by breaking the system into major components 
and comparing these components to similar propeller components currently in 
production for aircraft such as the Navy E2, C2 and P-3. Factors were then 
applied to account for differences in size, simplicity, materials, etc. 


Cost information for two configurations (eight and ten bladed Prop-Fans) and 
two different diameters, are provided in the summary below. For study purposes, 
it is recommended that a linear relationship between cost and diameter be main- 
tained for the range under consideration. The factors used to develop the cost 
relationships include Prop-Fan diameter, activity factor, weight, and power 
loading. As previously described in the technical summary , the ten-way Prop-Fan 
has the same total rotor activity factor as the eight-way configuration. This 
approach results in a blade that is approximately 20% narrower and, in spite of 
the addition of two blades, yields a slightly lighter rotor in the ten-way 
configuration than in the eight-way. 


COST SUMMARY 

(1977 Economy) 

Prop-Fan Diameter 13 Feet (3.96M) 16 Feet (4.88M) 

Number of blades 8 10 8 10 

Delivery Production Units $227K $227K $284K $284K 

(Price per each Prop-Fan) 

The prices for production units are based on delivery rates of 300 units per 
year. For other production rates, the price-quantity scale factor should be 
applied to adjust the unit sell price. 
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Sell-Price Scale Factor 


Hamilton standard 

raCNRKR 


PRICE VERSUS QUANTITY SCALE FACTOR 



Annual Production Quantity 


600 


15 


HAMOtoN Standard 



SP13A77 

Revision A 

2/28/78 


PROP- FAN PERFORMANCE ESTIMATION 
FOR THE 

EIGHT (8) SLADE PROP-FAN CONFIGURATION 


October 31, 1977 



SP13ATT 


HAMILTON STANDARD 



PROF-FAN PERFORMANCE ESTIMATION 


This data package provides Prop-Fan Performance in a non-dimen- 
sional coefficient format which permits the user to estimate 
performance over a broad range of operating conditions. The 
data is preseated in tabular form for ease of computer application. 

The performance is presented in terms of net thrust coefficient 
(CiNet^ as a ^ unctlon power coefficient (C^) for constant values 
•f advance ratio (J)« The following tables are included: 


I 

Mach Number 

<.55 

II 

Mach Numb.rr 

-0.55 

III 

Mach Number 

-0.60 

rv 

Mach Number 

*0.65 

7 

Mach Number 

-0.70 

71 

Mach Number 

-0.75 

711 

Mach Number 

-0.80 


VIII Slipstream Characteristics 

The 0.55 to 0.80 Mach number tables also Include a tabulation of 
net efficiency (^Net) to allow for a visual estimation of 
performance level. 

The non-dimensional coefficients are defined in engineering terms 
as English Units: 


101.4 Mq C£ . 101.4 V 


ND 


ND 


c m SHP (po/p) SHP (po/p) 

F 20 (ND/ 10, 000) 3 D2 “ “2000 (N/ 1000) 3 CD/ 10) 5 

^NET" 66 * 1 (ND/10,000) 2 D 2 C Tnet /(po/p) 

t UET“ 6610 (N/ 1000) 2 (D/10) 4 C T /(po/p) 

NET 

where: • Uninstalled Prop-Fan net thrust, pounds 

N • Prop-Fan rotational speed, rprc 
D - Prop-Fan tip diameter, feet 

P c /p ■ Density ratio, sea level ISA to ambient condition* 
(po-0. 002378 lb-sec 2 /fe 4 ) 
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Mq • Free stream Mach number 

• Speed oi sound, knots 

V » Frit stream Telocity, true Airspeed, knots 
where: ND - (IS) (60)/* 

TS • Tip speed it per second 
4 m Average swirl angle, degrees 

AV • lacremental induced axial velocity immediately behind disk, knots 

In SI Units: 

60 M 0 C m /s 60 V 

m nd 

c . KW (0 o /J) 

P 5.674 ) 3 D 2 

VlOOO J 

3409-2 (iSo) ^NET 7 (p o /p> 

where Ky • power, kilowatts 

* Uninstalled Prop-Fan net thrust, newtons 

N m Prop-Fan Rotational Speed, RPM 

D » Frop-Fan Diameter, Meters 

p 0 /c « Density ratio, sea level ISA to ambient conditions 

M q * Fre# stream Mach number 

C^/g • Speed ot sound, meters per second 

V • Free etreaa velocity, metere per second 

A • Average svirl angle degrees 
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AV • Incremental axial Induced velocity lonediatelv behind disk, 
meters per second 

where HD • ^T$) (60) / * 

TS • tip speed, meters per second 

t%e "Hat Thrust is the uninstalled thrust of the Prop-Fen rotor 

operating in the presence of a nacelle. The buovancy force between the 
rotor and nacelle face has been removed from the rotor thrust, and there- 
fore it should not be included in the nacelle drag. Installed propulsive 
thrust is obtained by adding the uninstalled net thrust (T^y) to the 
core engine jet thrust and then subtracting the drag of the nacelle and 
the losses due to nacelle/ving interference. 

The slipstream characteristics are also presented in tabular form. 

Average swirl angle ($) and incremental axial induced velocity immediately 
behind the disk over freestream velocity (dV/Y) are presented as a function 
of power coefficient (Cp) for given values of advance ratio • Theoreti- 
cal Iv the induced axial velocity doubles in the ultimate wake which is 
approximately two diameters downstream. 
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SAMPLE PROBLEMS 


English Units 


Given: 5322 lb installed chrusc required sc 0.80 Mach number at 35,000 ft., ISA 


Select the diameter required for an: 

SHP/D^ of 37*5 for an 8 bladed Prop-Fan operating at 800 feet per 
second tip speed 

Calculate: ND - (800) (60) / w - 15,279 

. (SHP/D 2 ) (po/o) 

^ 20 (ND/ 10, 000) 3 

(37.5) (3.2196) 

(20) (1.5279) 3 


- 1.692 


J 


Ct 

t net 

n NET 


and T net 


(101.4) (Mo)(C k )/ND 
(101.4) (0.30) (576.3)/ 15279 
3.060 

0.4505 (Table VII) 

Ct NET . (0.4505 )(3. 060) 

J 0.815 

C p 1.692 

66.1 (D) 2 (ND/10,000) 2 C x / (c o/ s ) 

NET 

66.1 (D) 2 (i.5279) 2 (0.4505)/ (3.2196) 
21.592 D 2 


For the engine selected, calculate a diameter such that: 

Net Thrust + Jet Thrust - Nacelle Drag - Wing Int. Drag * 5322 lb* 
This is a i iterative process. 


4 



HAMILTON STANDARD # 



TICNMOUIuNC -** 


SP13A7T 


For example: 


Diameter 

m 

15. 5o ceet 

TNet 

m 

5228 pounds 

T J«t 

m 

+408 pounds 

^Nacelle 

m 

-209 pounds 

D interf 

m 

-105 pounds 

installed 

a 

5322 pounds 


SHP - (SHP/D 2 )(D : ) - (37.5) (15. 58) 2 - 9079 

c or take-off, climb loiter and other performance points for Mach numbers less 
than 0.55 utilize table I which covers the low J advance ratio range of operation. 

For example, for the 8/15.56 foot diameter Prop-Fan, calculate the power required 
for a net thrust of 20241 pounds at 0.25 Mach number at sea level, ISA 

Calculate: - J - (101.4) (Mol (Cr) / MD 

- (101.41 (0.25) (061.21 , 15279 

- 1.097 

■> •< 

^Net " ( T Net^ (ooio) ' 66.1 (ND/ 11000)“ D' 

- (20241) U.0) / 6o. 1 (1.5279)“ (15. So) 2 

- 0.542 

From Table I '-p “ 0.‘ 3 84 

SHP - (20) (,ND/ 10000) 3 D : C p / (po/o) 

- (20) (1.52:9)1 ( 15. 5o) “ (0.*841 1.0 

- 17000 
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For example: 


Diameter 

* 

4.743 

meters 

^net 

m 

23254 

newtons 


m 

+1815 

newtons 

^nacelle 

m 

-930 

newtons 

D interf 

m 

-467 

newtons 

T ins tailed 

m 

22672 

newtons 


KW - (KW/D 2 ) (D 2 ) - (301) (4. 743) 2 - 6771 

For takeoff, climb, loiter and other performance points for Mach numbers less 
than 0*55, utilize table I which covers the low advance ratio range of operation. 

For example, for the 3 blade, 4.743 meter diameter Prop-Fan, calculate the power 
required for a net thrust of 90032 newtons at 0.25 Mach number at Sea Level, 

ISA at 2*3.84 meters per second tip speed 


Calculate: - J 


c TNet 


From Table I Cp 
KW 


(60) (Mo) (Cm/s) / ND 

(60) (0.25) (340.2) / 4657 

1.096 

( T Net ) (po/a) / 340.42 (ND/1000) 2 D 2 
(90032) (1.0) / 340.42 (4657) 2 (4743) 2 
0.542 
0.984 

5.674 (ND/1000) 3 D 2 C p / (po/o) 

5.674 (4.657) 3 (4.743) 2 (0.984) / (1.0) 
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TABLE I 

5 BLAPED PROF-FAN PERFORMANCE 
<0.55 MACH NUMBER 


C P 

°rset 

J 

°P 

l ' r Net 

0 

l V 

1 '^Net 

o. 107- 

0. :o«v* 

0. r» 

o.0b;o 

0. Ob v> 

1.: 

0. 100s 

0 . 0 b— 0 

0. 15 

0 . : b 7 4 


0. 1:10 

0. 1 303 


0.: 3b" 

0. ib: 3 

o.:o:o 

0. 3:30 


0. i^s: 

0 . : 1 b- 


0. 38^0 

0.357 3 

o.:;u 

0.3851 


o.:s-i 

0. 30— 


0.3538 

0 • 3- "b 

0.34:0 

0. -3b l 


0. 385b 

0. 3" 10 


0.7330 

0.4313 

0.4lOb 

0.-"OO 


0.5007 

0 . — -— — 


0.0 50b 

0. sob : 

0.5037 

o.5u: 


0 . b 3 3 3 

0.51:: 


1. l-*5 

0. 5bO- 

0.5*35 

0.5385 


0. 784b 

0. 5"*o 


l.3"bS 

0 . b : : b 

0. o848 

0.55:** 


0.0-73 

o.ti3i* 


1 . b 1 30 

O.ob II 

0. 7 b " 

0.5550 


l.iws 

O.bSSl 


1.8008 

0. b""0 

0. 84 7S 

0. 55bl 


i.:°"b 

o.b,si: 


3.0040 

0. b85 5 

0.0137 

0.5403 


1.-871 

o.7::i 




O.ObSb 

0.5185 


l.bb8: 

0. " 3" 3 

i . - 

0. o--8 

0.0137 

0. 003 3 

0.-370 





0.30K 

0. I 30- 

i.o:is 

0.4-00 

0.8 

0.003b 

0.0857 


0. 3700 

0.33 35 




0. I"3- 

0. 1 b 8 " 


0. 5b8- 

0. 3303 

0. 1000 

0. ib5S 


0.3*0* 

0.3530 


0. " b 0 S 

0. -000 

0. :ooo 

0. 300s 


0. JO-0 

0. 333" 


0. 0008 

0. -oo- 

0. 3000 

0.385: 


o.s: 30 

0 . - 1 : : 


1.3 3 30 

0. >588 

0.-000 

0. -*5 SO 


0* bb"0 

0. *850 


1.-888 

0 . b 1 - 3 

0.5000 

0.5185 


0.833b 

0. SSO- 


l . "5 1 1 

0 . b > - 8 

0. oOOO 

0 . 5b bO 


1.010b 

0. b05 S 


: . 0 » 88 

O.b'bO 

0. "000 

0.50*0 


i . I0b0 

0. b-b ^ 




0.8000 

O^UO 


1. 3030 

o.b":i 

1 . b 

0 . 1 bS- 

0 . Ob — — 

0.0000 

0.b350 


1. so:i 

O.b^Sb 


0. 3"I0 

0. Jos " 

l . OOOO 

0. b 180 


1. "SSI 

0 . " 1 - b 


0.S8O0 

0. 3003 




1.^110 

0. ":0b 


0.81 "o 

0. 30*0 

0. 08 10 

0. 1 u: 





l . Ob "b 

0.-81 S 

0.13:1 

0.18:8 

i.O 

0. O-bb 

o.o:b: 


l. 3 WO 

0. Ss 38 

0. lo"0 

o.:s 0 o 


0. l-b 1 

0. 1 ib" 


i.b:;s 

O.bOOS 

0.3*5$ 

0. 330s 


0 . : b 3 * 

o.:o"o 


1 . 0 1 : 3 

0 . b s 1 1 

0. 3bbb 

0. *0 38 


0. 30, s 

0.30*0 


:.:o"- 

0.b"10 

0.-"l- 

0.-" 3" 


0. S wo 

0. 3 "01 




0. so 3b 

0 . s 38 1 


O.booo 

;*.-sn 

l .8 

0. I 371 

0 . 0 b(M> 

0. " 3:0 

0. SOO- 


0.8801 

0. 53*0 


0. 3-: 3 

0. 1 "S" 

0 . 88:8 

O.b 3:* 


1.07-0 

3. S8Sb 


o.b:;s 

0 . 3 S ^b 

1 .0* 30 

0. r» "so 


1 . :$oo 

0. b 3v» 3 


0 . 8- -8 

0 . 388 3 

i.:oss 

0. "0"8 


i.-o*: 

> . h f' (' * 


: . : b '0 

0.- 'o.* 

l . 38 3 1 

o."-:o 


1. ":oo 

0. bSb- 


: . * b 00 

0. ' 

l . N 

0 . '.*t>8 


1.80 >8 

0 . b O' b 


i . s : *' 

O.bOOS 





0. *00: 


:. to-' 3 

o.b*>oi 







: . * 3i s 

0 . bbO w 
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TABLE I (Cont) 

8 B LADED PROP-FAN PERFORMANCE 
<0.55 MACH NUMBER 


J 

c p 

C TNet 

J 


Cl Net 

J c p 

C^Set 

2.0 

0.2241 

0.09Q3 

2,6 

0.1322 

0.0283 

3.2 0.0626 

-.0056 


0.3892 

0.1656 


0.2929 

0.8911 

0.2854 

0.0626 


0.5604 

0.2377 


0.4562 

0.1480 

0.5121 

0.1304 


0.7361 

0.3055 


C.6211 

0.2051 

0. 7402 

0.1953 


0.9153 

0.3698 


0.7889 

0.2586 

0.9303 

0.2573 


1.0998 

0.4297 


0.9576 

0.3096 

1.2035 

0.3148 


1.2917 

0.4844 


1.1271 

0. 3586 

1.4365 

0.3696 


1.4934 

0.5324 


1.2982 

0.4051 

1.6706 

0.4214 


1.7002 

0.5722 


1.4718 

0.4488 

1.9071 

0.4697 


1.8389 

0.5945 


1.6492 

0.4891 

2.1479 

0.5134 


1.9801 

0.6146 


1.8313 

0.5208 







2.0189 

0.5581 



2.2 

0.0565 

0.0045 


2.2103 

0.5858 




0.2404 

0.0972 


2.3996 

0.6074 




0.4309 

0.1670 







0.6270 

0.2427 

2.8 

0.1461 

0.0285 




0.8268 

0.3133 


0.3270 

0.0921 




1.0293 

0.3797 


0.5105 

0.1537 




1.2374 

0.4413 


0.6952 

0.2127 




1.4534 

0.4968 


0.8832 

0.2682 




1.6031 

0.5295 


1.0719 

0.3210 




1.7577 

0.5591 


1.2672 

0.3714 




1.9106 

0.5833 


1.4521 

0.4192 




2.0655 

0.6042 


1.6459 

0.4638 




2.2229 

0.6235 


1.3438 

0.5045 







2.0466 

0.5410 



2.4 

0.1453 

0.0391 







0.2874 

0.0966 

3.0 

0. 1944 

0.039« 




0.4323 

0.1527 


0.3972 

0. 1059 




0.5786 

0.2072 


0.6025 

0.169** 




0.7282 

0.2582 


0.3089 

0.2303 




0.3785 

0.3071 


1.0187 

0.2871 




1.0296 

0.3542 


1.2287 

0.3410 




1.1824 

0.3989 


1.4396 

0.3926 




1.3381 

0.4413 


1.6523 

0 • 4409 




1.4975 

0.4806 


1.8683 

0.4856 




1.6609 

0.5165 


2.0889 

0.5259 




1.8297 

0.5483 







2. 1722 

0.5988 
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TABLE II 

8 BEADED PROP-FAN PERFORMANCE 
0.55 MACH NUMBER 


J 

Cp 

C TNet 

n Net 

J 

C P 

CT Net 

n Net 

2.0 

0.3976 

0.1717 

0.864 

3.0 

0.3028 

0.072b 

0.719 


0.3063 

0.2193 

0.8bb 


0.4883 

0. 1345 

0.S26 


0.6187 

0.2647 

0.856 


0.6777 

0.1940 

0.859 


0.7343 

0.3087 

0.341 


0.3709 

0.2510 

0.365 


0.3529 

0.3573 

0.825 


1.0675 

0.3056 

0.359 


0.9741 

0.3933 

0.807 


1.2674 

0.3579 

0.34 7 


1.0979 

0.4335 

0.790 


1.4706 

0.4082 

0.833 


1.2241 

0.4724 

0.772 


1.6768 

0.4570 

0.817 






1.8861 

0.5030 

0.800 

2.2 

0.4954 

0.1956 

0.869 


2.0979 

0. 5469 

0.782 


0.6198 

0.2440 

0.866 


2.3113 

0.5899 

0.766 


0.7425 

0.2902 

0.854 






0.8782 

0.3550 

0.839 

3.2 

0.3922 

0.0931 

0.751 


1.0117 

0.3786 

0.824 


0.5994 

0. 1564 

0.835 


1.1479 

0.4209 

0.306 


0.8106 

0.2171 

0.857 


1.2864 

0.4614 

0.739 


1.0255 

0.2756 

0.360 






1.2442 

0.3314 

0.352 

2.4 

0.3665 

0.1283 

0.341 


1.46h2 

0.3848 

0.840 


0.5017 

0.1310 

0.866 


1.6915 

0.4364 

0.826 


0.6403 

0.2321 

0.370 


1.9204 

0.4862 

0.810 


0.7824 

0.2808 

0.362 


2.1515 

0.5324 

0.792 


0.9275 

0.3277 

0.848 


2.3848 

0.5766 

0.774 


1.0755 

0.3729 

0.833 






1.2261 

0.4172 

0.816 

3.4 

0.3008 

0.0555 

0. t>23 


1.3794 

0.4595 

0.799 


0.5272 

0. 1226 

0.791 


1.5350 

0.5001 

0.782 


0.7531 

0.1877 

0.842 






0.992° 

0.2493 

0.854 

2.6 

0.3736 

0.1204 

O.T.27 


1.2318 

0.3087 

0.852 


0.5301 

0.1759 

0.363 


1.47 44 

0.3655 

0.843 


0.6849 

0.2291 

0.370 


1.7204 

0.4201 

0.830 


0.3433 

0.2802 

0.364 


1.9699 

0.4726 

0.S16 


1.0048 

0.3290 

0.351 


2.22 r 

0.5217 

0.798 


1.1693 

0.3762 

0.337 


2.4758 

0.5o80 

0.780 


1.3365 

0.4222 

0.821 






1.5063 

0.4 660 

0.804 






1 . o737 

0.5079 

U. '87 





2.3 

0.2516 

0.0678 

0.699 






0.4172 

0.1225 

0 . f 7.3 






0.5867 

0. 1302 

0.360 






0.7599 

0.2335 

0.3b8 






0.93^5 

0.2386 

0. 8b3 






1.11(53 

0.3392 

0.851 






1.2901 

0. 3881 

0.337 






1.4849 

0. *+357 

0.321 






1 . o 7 34 

0.^807 

0.30a 






1.8648 

0.5238 

0.737 






2.0584 

0. 5o52 

0.'"0 
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TABLE III 

ft BLADED PROP-FAN PERFORMANCE 
0.60 MACH NUMBER 


c p 

^Net 

1 Net 

J 


C TNet 

n Sec 

0.5068 

0.2001 

0.869 

3.0 

0.3061 

0.0736 

0.722 

0.6347 

0.2494 

0.865 


0.4940 

0.1362 

0.827 

0.7660 

0.2965 

0.852 


0.6880 

0.1964 

0.859 

0.9005 

0.3422 

0.836 


0.8818 

0.2541 

0. 864 

1.0379 

0.3868 

0.820 


1.0812 

0.3092 

0.358 

1.1779 

0.4295 

0.802 


1.2340 

0. 3620 

0. 34o 

1.3212 

0.4711 

0.784 


1.4901 

0.4129 

0.331 

1.4659 

0.5105 

0.766 


1.6994 

0.4b22 

0.816 





1.9120 

0.5085 

0.798 

0.3727 

0.1308 

0.843 


2.1266 

0.5526 

0.780 

0.5106 

0.1843 

0.866 





0.6522 

0.2362 

0.869 

3.2 

0. 3964 

0.0943 

0.759 

0.7972 

0.2855 

0.860 


0.6061 

0. 1583 

0.836 

0.9456 

0.3332 

0.846 


0.3200 

0.2196 

0.357 

1.0969 

0.3792 

0.830 


1.0378 

0.2787 

0.359 

1.2508 

0.4240 

0.813 


1.2594 

0.3350 

0.351 

1.4073 

0.4666 

0.796 


l . 4846 

0.3891 

0.839 

1.5671 

0.5081 

0.778 


1.7129 

0.4411 

0.824 





1.9449 

0.4910 

0.308 

0.2343 

0.0645 

0.716 


2. 1794 

0.5373 

0.790 

0.3843 

0.1225 

0.829 


2.4158 

0.5823 

0.772 

0.5382 

0.1786 

0.863 





0.6959 

0.2327 

0.869 

3.4 

0.3036 

0.05b3 

0.630 

0.8571 

0.2844 

0.863 


0.5329 

0.1241 

0.792 

1.0216 

0.3339 

0.850 


0. 76o4 

0.1399 

0.342 

1.1891 

0.3816 

0.835 


1.0043 

0.2521 

0.35-* 

1.3592 

0.4281 

0.819 


1 . 2462 

0.3120 

0.351 

1.5323 

0.4724 

0.802 


1.4918 

0.3o44 

0.342 

1.7077 

0.5147 

0.784 


1.7410 

0. *4 2^4 

O.S29 

1.8859 

0.5556 

0.767 


1.QQ30 

0.47 7 3 

0.314 





2.24^1 

a.szt: 

o. 

0.2545 

0.0638 

0.702 


2.50oo 

0.5^34 

0.773 

0.4225 

0.1243 

0.824 





0.5944 

0.1827 

0.860 

3.6 

0.2138 

0,0238 . 

0. 3 C 

0.7702 

0.2387 

0.867 


0. 4o9 1 

0.0*50 

0.72. 

0.9495 

0.2923 

0.362 


0.7242 

0. lt>43 

o.sr 

1.1321 

0.3435 

0.350 


0.^837 

0.230t> 

O.S-4-1 

1.3179 

0. 3^29 

0.335 


1 . 24 '6 

0.2935 

0.34' 

1.5065 

0.4410 

0.319 


1.5154 

0. 353b 

0.341 

1.6981 

0. 4864 

0.302 


1.786^ 

0.4115 

0.830 

1.8925 

0. 5298 

0.734 


2.0blb 

0.-4673 

O.Slo 

2 0893 

0.5721 

0. 767 


2. 33°2 

0.5HS 

0.300 





2.^143 

o.5os: 

0. '81 
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TABLE IV 

8 BLADED PROP-FAN PERFORMANCE 
0.65 MACH NUMBER 


C P 

^Net 

n Net 

J 

<T» 

C TNet 

n Net 

0.3822 

0. 1345 

0.845 

3.2 

0.1930 

0.0282 

0.467 

0.5244 

0.1894 

0.867 


0.4016 

0.0953 

0.760 

0.6704 

0.2424 

0.868 


0.6146 

0. 1607 

0.837 

0.8202 

0.2929 

0.857 


0.8318 

0.2227 

0.857 

0.9733 

0.3416 

0.842 


1.0530 

0.2825 

0.859 

1.1296 

0.3888 

0.826 


1.2782 

0.3395 

0.850 

1.2888 

0.4345 

0.809 


1.5070 

0.3941 

0.837 

1.4505 

0.4779 

0.791 


1.7397 

0.4469 

0.822 

1.6147 

0.5195 

0.772 


1.9751 

0.4970 

0.805 

1.7810 

0.5605 

0.756 


2.2132 

0.5441 

0.787 





2.4535 

0.5391 

0.769 

0.2385 

0.0661 

0.721 





0.3919 

0.1253 

0.832 

3.4 

0.3075 

0.0572 

0.633 

0.5495 

0.1825 

0.863 


0.5400 

0.1259 

0.793 

0.7111 

0.2376 

0.869 


0.7770 

0.1926 

0.S43 

0.8763 

0.2901 

0.861 


1.0184 

0.2555 

0.353 

1.0450 

0.3405 

0.847 


1.2639 

0.3161 

0.850 

1.2168 

0.3892 

0.832 


1.5134 

0.3740 

0.840 

1.3914 

0.4363 

0.815 


1.7663 

0.4297 

0.827 

1.5690 

0.4814 

0.798 


2.0223 

0.4829 

0.812 

1.7488 

0.5241 

0.779 


2.2814 

0.5325 

0.794 





2.5427 

0.5795 

0.775 

0.2583 

0.0652 

0.707 


2.8063 

0.6262 

0.759 

0.4295 

0.1268 

0.827 





0.6049 

0.1860 

0.861 

3.6 

0.2210 

0.0242 

0.395 

0. 7843 

0.2429 

0.867 


0.4746 

0.0963 

0.731 

0.9674 

0.2973 

0.860 


0.7330 

0.1665 

0.817 

1. 1538 

0.3493 

0.348 


0.9961 

0.2334 

0.343 

1.3435 

0.3994 

0.333 


1.5252 

0.3577 

0.840 

1.5360 

0.4479 

0.816 


1.8104 

0.4162 

0.829 

1.7317 

0.4938 

0.799 


2.0888 

0.4724 

0.314 

1.9305 

0.5379 

0.780 


2.3701 

0.5250 

0.797 





2.6544 

0.5740 

0.778 

0.1238 

0.0102 

0.246 


2.9406 

0.6221 

0.762 

0.3104 

0.0750 

0.725 





0.5014 

0. 1385 

0.329 

3.3 

0.4215 

0.0719 

0.649 

0.6968 

0.1994 

0.859 


0.7030 

0.1454 

0. 786 

0.3960 

0.2580 

0.864 


0.9895 

0.2160 

0.329 

1.0990 

0.3138 

0.357 


1.2305 

0. 2324 

0.338 

1,3055 

0.3673 

0.844 


1.5758 

0.3471 

0.335 

1.5154 

0.4188 

0.329 


1.8743 

0.4073 

0.327 

1.7283 

0.4635 

0.313 


2.1778 

0.4b55 

0.315 

1.9430 

0.5153 

0.795 


2.4333 

0.5216 

0.748 

2. 1637 

0.5599 

0.776 


2.7915 

0.5724 

0. 77° 





3.1017 

0.6211 

0 . '6 1 
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HAMILTON STANDARD 

WnSSnmns 


SP13A7? 


TABLE V 

8 BLADED PROP-FAN PERFORMANCE 
0.70 MACH NUMBER 


°p 

C TNet 

n Net 

J 

°p 

*"%et 

n 

Net 

0.4030 

0.1295 

0.836 

3.4 

0.3122 

0.0584 

0.636 

0.5661 

0.1881 

0.864 


0.5490 

0.1284 

0.795 

0.7334 

0.2447 

0.867 


0.7905 

0.1960 

0.843 

0.9046 

0.2985 

0.858 


1.0366 

0.2598 

0.852 

1.0795 

0.3502 

0.844 


1.2869 

0.3213 

0.849 

1.2577 

0.4002 

0.828 


1.5413 

0.3800 

0 838 

1.4390 

0.4483 

0.810 


1.7992 

0.4364 

0.825 

1.6228 

0.4939 

0.791 


2.0604 

0.4902 

0.809 

1.8092 

0.5373 

0.772 


2.3242 

0.5400 

0.790 

1.9984 

0.5804 

0.755 








3.6 

0.2240 

0.0248 

0.399 

0.2639 

0.0672 

0.713 


0.4818 

0.0980 

0.733 

0.4398 

0.1302 

0.330 


0.7447 

0.1692 

0.818 

0.6202 

0.1907 

0.861 


1.0124 

0.2370 

0.843 

0.8047 

0.2489 

0.866 


1.2846 

0.3014 

0.845 

0.9933 

0.3044 

0.858 


1.5610 

0.3631 

0.838 

1.1855 

0.3575 

0.845 


1.8412 

0.4224 

0.326 

1.3309 

0.4087 

0.829 


2.1246 

0.4790 

0.812 

1.5793 

0.4580 

0.812 


2.4111 

0.5319 

0.794 

1.7810 

0.5048 

0.794 


2.7002 

0.5812 

0.775 

1.9852 

0.5491 

0.775 








3.3 

0.4275 

0.0732 

0.651 

0.1254 

0.0107 

0.256 


0.7135 

0. 1476 

0.786 

0.3163 

0.0769 

0.729 


1.0046 

0.2192 

0.829 

0.5119 

0.1418 

0.831 


1.3004 

0.2863 

0.G37 

0.7122 

0.2039 

0.859 


1.6006 

0.3519 

0.833 

0.9162 

0.2635 

0.863 


1.9045 

0.4129 

0.325 

1.1243 

0.3202 

0.854 


2.2120 

0.4715 

0.313 

1.3361 

0.3747 

0.341 


2.5232 

0.5281 

0.795 

1.5514 

0.4271 

0.826 


2.3363 

0.5790 

0.776 

1.7698 

0.4773 

0.309 





1.9914 

0.5247 

0.790 

4.0 

0.3890 

0.0538 

0.554 





0.6999 

0.1315 

0.751 

0. 1959 

0.0290 

0.474 


1.0161 

0.2060 

0.811 

0.4086 

0.0974 

0.763 


1.3372 

0.2765 

0.327 

0.6261 

0. 1639 

0.338 


1 . 6o26 

0.3446 

0.826 

0.8480 

0.2270 

0.856 


1.9921 

0.4078 

0.820 

1.0741 

0.2877 

0.857 


2.3251 

0.4703 

0.808 

1.3042 

0 . 34 56 

0.848 


2.6623 

0.5277 

0.793 

1.5381 

0.4010 

0.835 


3.0010 

0.5807 

0. 774 

1.7753 

0.4545 

0.319 





2.0156 

0.5047 

0.301 





2.2598 

0.5527 

0.733 
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HAMILTON STANDARD 


SPiSATT 



TABLE 


C P 

C *Net 

n Net 

0.3695 

0.0399 

0.454 

0.7070 

0.1207 

0.717 

1.0500 

0.1980 

0.792 

1.3979 

0.2715 

0.816 

1.7504 

0.3406 

0.817 

2.1070 

0.4086 

0.813 

2.4673 

0.4718 

0.803 

2.8317 

0.5312 

0.788 

3.1981 

0.5865 

0.770 


(Coat) 
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HAMILTON STANDARD # 


SP13A77 


TABLE VI 


8 BLADES PROP- FAN PERFORMANCE 
0.75 MACH NUMBER 


J 


2.8 


3.0 


3.2 


3.4 


3.t> 


s 

0.2708 

0.4535 

0.6410 

0.8331 

1.0292 

1.2295 

1.4331 

1.6400 

1.8500 

2.0626 

0.3239 

0.5259 

0.732? 

0.9440 

1.1593 

1.3736 

1.6015 

1.3275 

2.0567 

0.4177 
0.6414 
0.8699 
1. 1026 
1.3397 
1.5806 
1.3250 
2.0725 

0. 5630 
0.3077 
1.0599 
1.3167 
1.5804 
1.3454 
2. 1135 
2.3849 
2.o582 

0.2279 
0.4916 
0. 7609 
1.0343 
1.3130 
1. 5°b8 
1.3839 

2.1%i 

2.*o'° 
2. ~o34 


°TNet 
0.0698 
0. 1350 
0. 1972 
0.2572 
0.3141 
0.3687 
0.4215 
0.4716 
0.5193 
0.5647 

0.0794 

0.1462 

0.2098 

0.2710 

0.3290 

0.3847 

0.4385 

0.4892 

0.5373 

0.1000 
0.1682 
0.2327 
0.2946 
0.3537 
0.4103 
0. 4649 
0.5157 

0. 1314 
0.2005 
0.2654 
0.3280 
0,3881 
0.4455 
0.499° 
0.5505 
0.5985 

0.0257 
0. 1004 
0.1731 
0.2419 
0.308o 
0. 3702 
0. -*307 
0.-.3~S 
0.5412 
0. 5° 07 


n Net 

0.722 

0.834 

0.861 

0.864 

0.835 

0.840 

0.824 

0.805 

0.786 

0.767 

0.735 

0.833 

0.859 

0.861 

0,851 

0.837 

0.821 

0.303 

0.783 

0.766 

0.839 

0.359 

0.855 

0.845 

0.831 

0.315 

0.796 

0.794 
0. 844 
0.851 
0.847 
0.335 
0.821 
0.804 
0. 735 
0. 76o 

0.40b 
0. 736 
0.31° 
0.342 
0.343 
0.335 
0.323 

0.808 
0. 7S° 
0.770 


C P 


0.4356 

0.0749 

0.7279 

0.1508 

1.0251 

0.2235 

1.3274 

0.2916 

1.6344 

0.3583 

1.9451 

0.4202 

2.2594 

0.4792 

2.5771 

0.5364 

2.8973 

0.5378 

0.3960 

0.0551 

0.7130 

0.1341 

1.0356 

0.2098 

1.3632 

0.2312 

1.695* 

0.3504 

2.0317 

0.4146 

2.3714 

0.4776 

2.7153 

0.5356 

3.0607 

0.5886 

0.3760 

0.0409 

0.7195 

0.1228 

1.0692 

0.2014 

1.4237 

0.275° 

1.7831 

0.3461 

2.1466 

0.4148 

2.513b 

0.4738 

2. 8349 

0.5335 

0. 37°4 

0.0325 

0.7517 

0.1174 

1. 12°8 

0.1984 

1.5132 

0.2753 

1.9015 

0.34 76 

2.2940 

0.4139 

2.369° 

0.4840 

3.0395 

0. 5*o7 


n Net 

0.O54 

0.787 

0.829 

0.835 

0.831 

0.822 

0^809 

0.791 

0.771 

0.557 

0.752 

0.310 

0.325 

0.824 

0.813 

0.805 

0.739 

0.769 

0.457 

0.717 

0.791 

0.314 

0.815 

0.310 

0.79° 

0.734 

0.377 
0.637 
0.773 
0.800 
0.304 
0.301 
0. '92 
0. 77? 
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ST* ISA 77 


HAMILTON STANDARD 



TABLE VII 

8 BLADED PROP- FAN PERFORMANCE 


0.80 MACH NUMBER 


Cp 

c TNet 

n Wet 

J 

c p 

C TNet 

n Net 

0.2800 

0.0727 

0.727 

3.8 

0.4458 

0.0771 

0.657 

0.4716 

0. 1405 

0.834 


0.7464 

0.1548 

0.788 

0.6687 

0.2050 

0.858 


1.0527 

0.2292 

0.827 

0.8708 

0.2673 

0.859 


1.3643 

0.2990 

0.833 

1.0776 

0.3261 

0.847 


1.6803 

0.3656 

0.827 

1.2887 

0.3827 

0.832 


2.0005 

0.4301 

0.817 

1.5037 

0.4374 

0.814 


2.3243 

0.4908 

0.802 

1.7221 

0.4888 

0.795 





1.9438 

0.5376 

0.774 

4.0 

0.7302 

0.1374 

0.753 

2.1584 

0.5855 

0.756 


1.0616 

0.2149 

0.810 





1.3983 

0.2874 

0.822 

0.3343 

0.0826 

0.741 


1.7397 

0.3581 

0.823 

0.5451 

0.1517 

0.835 


2.0853 

0.4235 

0.812 

0.7612 

0.2174 

0.857 





0.9821 

0.2807 

0.857 

4.2 

0.7363 

0.1259 

0.718 

1.2076 

0.3406 

0.846 


1.0946 

0.2059 

0.790 

1.4373 

0.3980 

0.831 


1.4582 

0.2815 

0.811 

1.6709 

0.4535 

0.814 


1.8268 

0.3531 

0.812 

1.9079 

0.5053 

0.795 


2.1998 

0.4217 

0.805 

2. 1481 

0.5545 

0.774 

4.4 

0.7678 

0.1200 

0.745 

0.4310 

0.1037 

0.770 


1.1548 

0.2025 

0.771 

0.6636 

0.1741 

0.840 


1.5474 

0.2807 

0.798 

0.9012 

0.2406 

0.854 


1.9449 

0.3542 

0.301 

1.1439 

0.3046 

0.852 


2.3468 

0.4265 

0.799 

1.3908 

0.3651 

0.840 





1.6420 

0.4234 

0.825 

4.6 

0.8282 

0.1197 

0.665 

1.8970 

0.4793 

0.809 


1.2459 

0.2043 

0.754 

2.1550 

0.5308 

0.788 


1.6691 

0.2845 

0.784 





2.0973 

0.3601 

0.790 

0.5776 

0.1359 

0.800 


2.5298 

0.4328 

0.789 

0.8343 

0.2067 

0.842 





1.0963 

0.2737 

0.349 

4.3 

0.9215 

0.1248 

0.650 

1.3626 

0.3389 

0.846 


1.3714 

0.2114 

0.740 

1.6336 

0.3990 

0.330 


1.8270 

0.2933 

0.771 

1.9085 

0.4577 

0.815 


2.2875 

0.3706 

0.778 

2.1866 

0.5128 

0.797 


2.7523 

0.4447 

0.776 

0.5043 

0.1034 

0.738 





0.7320 

0. 1779 

0.319 





1.0652 

0.2486 

0.840 





1.3531 

0.3167 

0.843 





1.6457 

0.3798 

0.331 





1.9424 

0.4415 

0.318 





2.2428 

0.4999 

0.302 
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SP 13 A 77 


HAMILTON STANDARD # •— 1 - 

a. M vmrrp 

ntmouMt. 


TABLE VIII 

SLIPSTREAM CHARACTERISTICS 


c p 

♦ 

6 V/V 

J 

S > 

6 

AV/V 

0.2 

24. *0 

0.1132 

1.4 

0.2 

3.50 

0.0180 

0.4 

30.95 

0.1223 


0.4 

6.10 

0.0336 

0.6 

33.50 

0.1245 


0.6 

8.23 

0.0474 

0.8 

35.50 

0.1240 


0.8 

10.10 

0.0585 

1.0 

37.15 

0.1228 


1.0 

11.70 

0.067 C 

1.2 

38.40 

0.1210 


1.2 

i 3.18 

0.0732 





1.4 

14.50 

0.0786 

0.2 

16.10 

0.0852 


1.6 

15.70 

0.0834 

0.4 

21.30 

0.1030 


1.8 

16.70 

0.8800 

0.6 

24.90 

0.1131 





0.8 

27.20 

0.1131 

1.6 

0.2 

2.53 

0.0143 

1.0 

29.10 

0.1212 


0.4 

4.73 

0.0268 

1.2 

30.70 

0.1233 


0.6 

6.53 

0.0384 

1.4 

32.00 

0.1245 


0.8 

8.20 

0.0485 

1.6 

33.10 

0.1251 


1.0 

9.62 

0.0569 





1.2 

10.98 

0.0637 

0.2 

10.00 

0.0595 


1.4 

12.22 

0.0689 

0.4 

15.30 

0.0813 


1.6 

13.40 

0.0736 

0.6 

18.55 

0.0950 


1.8 

14.45 

0.0779 

0.8 

20.80 

0.1030 


2.0 

15.40 

0.0820 

1.0 

22.75 

0.1085 





1.2 

24.50 

0.1129 

1.8 

0.2 

2.03 

0.0116 

1.4 

26.00 

0.1160 


0.4 

3.83 

0.0223 

1.6 

27. *5 

0.1185 


0.6 

5.36 

0.0330 





0.8 

6.77 

0.0419 

0.2 

6.40 

0.0360 


1.0 

8.10 

0.0490 

0.4 

10.70 

0.0605 


1.2 

9.33 

0.0550 

0.6 

13.75 

0.0772 


1.4 

10.50 

0.0603 

0.8 

16.10 

0.0867 


1.6 

11.60 

0.0650 

1.0 

18.10 

0.0933 


1.8 

12.57 

0.0695 

1.2 

19.80 

0.0988 


2.0 

13.52 

0.0733 

1.4 

21.20 

0.1032 




t 

1.6 

22.40 

0.1070 

2.0 

0.2 

1.70 

0.0102 

1.8 

24.35 

0.1099 


0.4 

3.15 

0.0193 





0.6 

4.50 

0.0230 

0.2 

4.70 

0 0240 


0.8 

5.73 

0.0360 

0.4 

7.93 

0.0435 


1.0 

6.97 

0.0431 

0.6 

10.55 

0.0594 


1.2 

8.05 

0.0494 

0.8 

12.55 

0.0701 


1.4 

9.13 

0.054' 

1.0 

14.30 

0.0781 


1.6 

10.10 

0.0593 

1.2 

15.90 

0.0850 


1.8 

11.02 

0.0638 

1.4 

17.40 

0.0904 


2.0 

11.90 

0.0673 

1.6 

18.60 

0.0952 


2.2 

12.65 

0.0715 

1.8 

19.74 

0.0995 
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SP 13 A 77 


HAMILTON STANDARD ^ 


TABLE VIII (Cone) 


s 

* 

AV/V 

J 

r * 

* 

AV/V 

0.2 

1.40 

0.0092 

3.0 

0.2 

0.75 

0.0059 

0.4 

2.70 

0.0170 


0.4 

1.50 

0.0105 

0.6 

3.90 

0.0243 


0.6 

2.25 

0.0152 

0.8 

4.98 

0.0310 


0.8 

3.00 

0.0199 

1.0 

6.02 

0.0375 


1.0 

3.75 

0.0241 

1.2 

7.03 

0.0432 


1.2 

4.50 

0.0282 

1.4 

8.00 

0.0482 


1.4 

5.25 

0.0325 

1.6 

8.92 

0.0530 


1.6 

6.00 

0.0369 

1.8 

9.82 

0.0573 


1.8 

6.75 

0.0410 

2.0 

10.69 

0.0615 


2.0 

7.50 

0.0449 

2.2 

11.48 

0.0655 


2.2 

8.25 

0.0488 

0.2 

1.22 

0.0082 

3.2 

0.2 

0.70 

0.0052 

0.4 

2.30 

0.0145 


0.4 

1.40 

0.0095 

0.6 

3.32 

0.0205 


0.6 

2.09 

0.0140 

0.8 

4.30 

0.0263 


0.8 

2.78 

0 . 01 S 5 

1.0 

5.28 

0.0319 


1.0 

3.48 

0.0227 

1.2 

6.23 

0.0372 


1.2 

4.18 

0.0265 

1.4 

7.13 

0.0425 


1.4 

4.87 

0.0302 

1.6 

8.00 

0.0473 


1.6 

5.57 

0.0342 

1.8 

8.83 

0.0520 


1.8 

6.26 

0.0379 

2.0 

9.60 

0.0563 


2.0 

6.96 

0.0418 

2.2 

10.32 

0.0602 


2.2 

7,66 

0.0455 

0.2 

1.03 

0.0072 

3.4 

0.2 

0.65 

0.0045 

0.4 

2.00 

0.0122 


0.4 

1.30 

O.OOS 3 

0.6 

2.90 

0.0182 


0.6 

1.96 

0.0129 

0.8 

3.78 

0.0237 


0.8 

2.61 

0.0169 

1.0 

4.63 

0.0320 


1.0 

3.26 

0.0209 

1.2 

5.50 

0.0338 


1.2 

3.91 

0.0245 

1.4 

6.35 

0.0385 


1.4 

4.56 

0.0232 

1.6 

7.20 

0.0433 


1.6 

5.22 

0.0319 

1.8 

8.03 

0.0478 


1.8 

5.87 

0.0352 

2.0 

8.80 

0.0523 


2.0 

6.52 

0.0388 

2.2 

9.50 

0.0568 


2.2 

7.17 

0.0420 

0.2 

0.83 

0.0015 

3.6 

0.2 

0.60 

0.0040 

0.4 

1.66 

0.0115 


0.4 

1.20 

0.0073 

0.6 

3.00 

0.0168 


0.6 

1.30 

Q. 011 S 

0.3 

3.33 

0.0219 


0.8 

2.40 

0.0153 

1.0 

4.16 

0.0257 


1.0 

3.00 

0.0192 

1.2 

4.99 

0.0312 


1.2 

3.60 

0.0225 

1.4 

5.32 

0.0359 


1.4 

4.20 

0.0253 

1.6 

6.66 

0.0402 


1.6 

4.30 

0.0292 

1.8 

7.49 

0.0445 


1.3 

5.60 

0.0323 

2.0 

8.32 

0.0483 


2.0 

6.00 

0.0355 

2.2 

9.15 

0.0531 


2.2 

6 . 60 

0.0387 
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TABLE VIII (Cont) 


s 

♦ 

4 V/V 

0.2 

G. 36 

0.0033 

0.4 

1.12 

0 . 00 58 

0.6 

1.68 

0 . 0 IG 3 

0.8 

2 . 24 

0.0137 

1.0 

2.80 

0.0170 

1.2 

3.36 

0.0200 

1.4 

3.92 

0.0232 

1.6 

4 48 

0.0263 

1.8 

5.04 

0.0292 

2.0 

5.60 

0.0320 

2.2 

6.16 

0.0345 

0.2 

0.46 

0.0028 

0.4 

0.93 

0.0062 

0.6 

1.39 

0.0095 

0.8 

1.86 

0.0125 

1.0 

2.32 

0.0155 

1.2 

2.78 

0.0182 

1.4 

3.25 

0.0210 

1.6 

3.71 

0.0238 

1.8 

4 .'l 8 

0.0263 

2.0 

4.64 

0.0285 

2.2 

5.10 

0.0308 

0.2 

0.40 

0.0024 

0.4 

0.79 

0.0052 

0.6 

1.19 

0.0080 

0.8 

1.58 

0.0108 

’ 0 

’.98 

0.0132 

1.2 

2.38 

0.0155 

1.4 

2.77 

0.0182 

1.6 

3.17 

0.0203 

1.8 

3.56 

0.0223 

2.0 

3.96 

0.0243 

2.2 

4.36 

0.0262 
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PROP-FAN PERFORMANCE ESTIMATION 


This data package provides Prop-Fan Performance in a non-dimen- 
sional coefficient format which permits the user to estimate 
performance over a broad range of operating conditions. The 
data is presented in tabular form for ease of computer application. 

The performance is presented in terms of net thrust coefficient 
(CTj| et ) as a function of power coefficient (Cp) for constant values 
of advance ratio (J) . The following tables are included: 


I 

Mach Number 

<.51 

II 

Mach Number 

-0.55 

III 

Mach Number 

-0.60 

IV 

Mach Number 

-0.65 

V 

Mach Number 

-0.70 

VI 

Mach Number 

-0.75 

VII 

Mach Number 

-0.80 


VIII Slipstream Characteristics 

The 0*55 to 0.80 Mach number tables also include a tabulation of 
net efficiency (n^et) to allow for a visual estimation of 
performance level. 

The non-dimensional coefficients are defined in engineering terms 
as English Units: 

Jm 101.4 Mq C K , 101.4 V 

ND ND 


r ^ SHP (po/p) SHP (po/c) 

** 20 (ND/ 10, 000) 3 D2 " “2000 (11/ 1000) 3 (D/10) 5 

^JIET" 66 * 1 0®/ 10,000)~ D 2 C Tnet /(po/p) 

T NET“ 6610 W 1000) 2 (D/10) 4 C-T^/Cpo/p) 

where: Tj^ * Uninstalled Prop-Fan net thrust, pounds 

N » Prop-Fan rotational speed, rpm 
D ■ Prop-Fan tip diameter, fee** 

p c /p * Density ratio, sea level ISA to ambient conditions 
(po«0. 002378 lb-sec 2 /ft 4 ) 
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Mo “ Free stream Mach number 
Cg • Speed of sound, knots 

V " Free stream velocity, true airspeed, knots 
where: ND - (TS) (60)/» 

TS " Tip speed, ft per second 
♦ ■ Average swirl angle, degrees 

AV ” Incremental induced axial velocity immediately behind disk, knots 

In SI Uuits: 

j 60 Up Cn/s _ 60 V 
ND ND 

c . KW (Pp/P) 

P 5.674 D 2 

Vioooy 

W 3409. 2 

where Ky • power, kilowatts 

Tjjgr * Uninstalled Prop-Fan net thrust, newtons 
N ■ Prop Fan Rotational Speed, RPM 
D ■ Prop-Fan Diameter, Meters 

p Q /p ■ Density ratio, sea level ISA to ambient conditions 

Mq ■ Free stream Mach number 

Cjj/g • Speed of sound, meters per second 

V ■ Free stream velocity, meters per second 

<p ■ Average swirl angle degrees 
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AV • Incremental axial induced velocity immediately behind disk, 
meters per second 

where ND - (TS) (60) / * 

TS ■ tip speed, meters per second 

The **Net Thrust (Tj IE?)” ^ uninstalled thrust of the Prop-Fan rotor 
operating in the presence of a nacelle. The buoyancy force between the 
rotor and nacelle face has been removed from the rotor thrust, and there- 
fore it should not be included in the nacelle drag. Installed propulsive 
thrust is obtained by adding the uninstalled net thrust (Tj^) to the 
core engine jet thrust and then subtracting the drag of the nacelle and 
the losses due to nacelle/ving interference. 

The slipstream characteristics are also presented in tabular form. 

Average swirl angle ($) and incremental axial induced velocity immediately 
behind the disk over freest ream velocity (AV/V) are presented as a function 
of power coefficient (Cp) for given values of advance ratio (J). Theoreti- 
cally the induced axial velocity doubles in the ultimate wake which is 
approximately two diameters downstream. 
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SAMPLE PROBLEMS 
English Units 


Given: 5409 lb installed thrust required at 0.80 Mach number at 35,000 ft., ISA 


Select the diameter required for an: 

SHP/D 2 of 37.5 for a 10 bladed Prop-Fan operating at 800 feet per 
second tip speed 


Calculate: ND - (800) (60) / it - 15,279 

r „ (SHP/D*) (oo/p) 

^ 20 (ND/ 10000)3 

(37.5) (3.2196) 

(20) (1.5279) 3 

» 1.692 


J - 


C TNet - 
n Net " 


and Tfjet * 


(101.4) (Mo) (C K ) / ND 

(101.4) (0.80) (576.3) / (15,279) 

3.060 

0.458 (Table VII) 

CTNet j „ (0.458) (3.060) . Q>828 
C p 1.692 

66.1 (D) 2 (ND/ i 0000) 2 C lNet / (po/o) 

66.1 'D) 2 Cl. 5279 ) 2 (0.458) / (3.2196) 

21.951 D 2 


For the engine selected, calculate a diameter such that: 

Net Thrust + Jet Thrust - Nacelle Drag - Wing Int. Drag - 5409 lbs 
This is an iterative process* 
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For example: 

Diameter * 15*56 feet 


*net 

T jet 

^nacelle 

^interf 

T 

* ins called 
SHP - (SHP/D 2 ) D 2 


5315 pounds 
+408 pounds 
•209 pounds 
•105 pounds 
5409 pounds 
(37.5) (15.56) 2 


9079 


For takeoff, climb, loiter and other performance points at Mach numbers less 
than 0.55, utilize table I. 

For example, for the 10 bladed / 15.56 foot diameter Prop-Fan calculate the 
power required for a net thrust of 20,630 pounds at 0.25 Mach number at Sea 
Level, ISA at 800 feet per second tip speed. 


Calculate: - J 




From Table I Cp 
SHP 


(101.4) (Mo) (Cjj) / ND 
(101.4) (0.25) (661.2) / 15279 
1.097 

(T Net ) (po/p) / 66.1 (ND/10,000) 2 D 2 
(20,630) (1.0) / 66.1 (1.5279)“ (15. 56) 2 
0.552 
0.984 

(20) (ND/ 10, 000) 3 D 2 C p / (po/p) 

(20) ( 1.5279) 3 (15. 56) 2 (0.984) / 1.0 
17,000 
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SI Units 

Given: 24,040 Newtons of installed thrust at 0.80 Mach number at 10,668 

meters ISA altitude 


Select the diameter required for a: 

KW/D 2 * 301 KW/m 2 for a 10 bladed Prop-Fan operating at 243.84 mps 
tip 9peed 


Calculate 

Cp 


Cl Net 

n Net 


and Ti 


NET 


T Net 


ND - (243.84) (60) / ir - 4657 
(KW/D 2 ) (po/p) 


5.674 

-TmJ- 


(1000/ 

(301) 

(3.2196) 

5.674 

(4.657)"* 

1.692 


(60) 

(Mo) (Cjj/s) 


ND 

(60) 

(0.8) (296.48) 


4657 

0.458 (Table VII) 


- 3.06 


fTN^ j , (0.458) (3.06 ) . 0>82g 
Cp 1.692 

340.42 -gP. 2 D 2 c T Net / (po/p) 
1000 

340.42 (4 . 657) 2 (D 2 ) (0.458) / 3.2196 
(1050.2) (D2) 


For the engine selected, calculate a diameter such that: 

Net Thrust + Jet Thrust - Nacelle Drag - Wing Int. Drag • 24040 Newtons 

This is an iterative process. 
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For example: 


KW 


Diameter 

■ 

4.743 meters 

T net 

- 

23622 

newtons 

T jet 

- 

+1815 

newtons 

^nacelle 

- 

-93fr newtons 

^interf 

» 

-467 

newtons 

T ins tailed 

m 

24040 

newtons 


(KW/D 2 ) (D 2 ) - (301) (4.?43) 2 - 6771 


For takeoff , climb, loiter and other performance points for Mach Numbers less 
than 0.55, utilize table I which covers the low advance ratio range of operation. 

For example, for the 10 blade, 4.743 meter diameter Prop-Fan, calculate the 
power required for a net thrust of 91762 newtons at 0.25 Mach number at Sea 
Level, ISA at a 243.84 meters per second tip speed. 


Calculate: - J - (60) (Mo) (Cm/s) / ND 

- (60) (0.25) (340.2) / 4657 

- 1.096 

^Net * (T ne t> <P o/ P> 1 340.42 (ND/1000) 2 D 2 
“ (91762) (1) / 340. 42 (4.657) 2 (4.743) 2 

- 0.552 

Fror Table I -Cp ■ 0.984 

KW - 5.674 (ND/1000) 3 D 2 Cp / (po/o) 

- 5.674 (4 . 65 7 ) 3 (4.743) 2 (0.984) / 1.0) 

- 12686 
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TABLE I 

1 0 ELAOF 0 PROP- FAN PERFORMANCE 
< 0.55 MACH NUMBER 


c ? 

C TN«c 

J 

S 

C TNec 

J 

C P 

^Net 

0. 1073 

0.2062 

0.6 

0.0629 

0.0657 

1.2 

0.1036 

0.0663 

0.1519 

0.2675 


0.1213 

0.1397 


0.2445 

0.1685 

0.2072 

0.3288 


0.1967 

0.2148 


0.4031 

0.2678 

0.2725 

0.3872 


0.2874 

0.2986 


0.5746 

0.3625 

0.3442 

0.4401 


0.3917 

0.3780 


0.7622 

0.4506 

0.4238 

0.4860 


0.5108 

0.4548 


0.9728 

0.5296 

0.5118 

0.5237 


0.6491 

0.5266 


1.2006 

0.5957 

0.6085 

0.5528 


0.8075 

• .5912 


1.4424 

0.6523 

0.7091 

0.5709 


0.9778 

0.6426 


1.6937 

0.6933 

0.7996 

0.5812 


1.1584 

0.6789 


1.7972 

0.7052 

0.8969 

0.5846 


1.3470 

0.7152 


1.9012 

0.7129 

0.9702 

0.5733 


1.5456 

0.7537 


2.0043 

0.7185 

1.0395 

0.5565 


1.7334 

0.7664 




1.0843 

0.5300 




1.4 

0.0465 

0.0150 

1.1306 

0.4983 

0.8 

0.0932 

0.0864 


0.2120 

0.1263 




0.1807 

0.1714 


0.3952 

0.2341 

0. 1000 

0.1650 


0.2847 

0.2576 


0.5928 

0.3358 

0.2000 

0.2940 


0.4039 

0.3426 


0.8040 

0.4300 

0.3000 

0.3890 


0.5367 

0.4246 


1.0387 

0.5148 

0.4000 

0.4665 


0.6885 

0.5012 


1.2947 

0.5859 

0.5000 

0.5205 


0.8619 

0.5701 


1.5635 

0.6451 

0.6000 

0.5685 


1.0483 

0.6285 


1.8381 

0. 6866 

0.7000 

0.5980 


1.2445 

0.6726 


2.1251 

0.7122 

0.8000 

0.6255 


1.4527 

0.7022 




0.9000 

0.4500 


1.6619 

0.7296 

1.6 

0.1767 

0.0806 

1.0000 

0.6695 


1.7303 

0.7435 


0.3888 

0. 20b3 

1.1000 

0.6800 


1.9100 

0.7494 


0.6166 

0.3150 







0.8570 

0.4150 

0.0819 

0.1147 

1.0 

0.0468 

0.0244 


1.1211 

0.5064 

0. 1322 

0.1831 


0.1493 

0.1196 


1.4086 

0.5816 

0. 1976 

0.2572 


0.2699 

0.2132 


1.7063 

0.6415 

0.2775 

0.3332 


0.4071 

0.3048 


2.0114 

0.6838 

0.3700 

0.4085 


0.5572 

0.3929 


2.3277 

0.7085 

0.4778 

0.4813 


0.7251 

0.4750 




0.6045 

0.5490 


0.9157 

0.5438 

1.8 

0.1451 

0.0610 

0.7499 

0.6050 


1.1207 

0.6107 


0.3912 

0. 1861 

0.9062 

0.6501 


1.3377 

0.6625 


0.6537 

0.3024 

1.0752 

0.6979 


1.5661 

0.6985 


0.9289 

0.4098 

1.2452 

0.7323 


1.8015 

0.7219 


1.2265 

0.5053 

1.4304 

0.7700 


1.8902 

0.7283 


1.5478 

0.5828 

1.5945 

0.7712 


1.4849 

0. 7344 


1.8784 

0.6423 




2.0763 

0.7367 


2.217”* 

0. b839 







2.5674 

0.7053 
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TABLE I (Cont) 

10 BEADED PROP-FAN PERFORMANCE 


< 0.55 MACH NUMBER 


J 

s 

c w 

J 

S 

^%et 

2.0 

0.1249 

0.0426 

2.6 

0.1414 

0.0319 


0.2331 

0.0968 


0.3106 

0.0959 


0.3579 

0. 1498 


0.4823 

0.1581 


0.4692 

0.2019 


•.6559 

0.2184 


0.5902 

0.2517 


0.8327 

0.2748 


0.7124 

0.2997 


1.0099 

0.3288 


0.8361 

0.3462 


1.1879 

0.3806 


0.9621 

0.3911 


1.3683 

0.4299 


1.0913 

0.4338 


1.5520 

0.4759 


1.2239 

0.4740 


1.7401 

0.5183 


1.3608 

0.5114 


1.9341 

0.5564 


1.5037 

0.5459 


2. 1356 

0.5905 


1. 6486 

0.5765 





1.7924 

0.6024 

2.8 

0.1356 

0.0319 


1.9398 

0.6265 


0.3463 

0.0990 





0.5394 

0.1640 

2.2 

0.0616 

0.0069 


0.7342 

0.2266 


•.1896 

0.0652 


•.9323 

0.2850 


0.3208 

0.1221 


1.1307 

0.3411 


0.4547 

0.1778 


1.3298 

0.3946 


0.5917 

0. 2318 


1.5310 

0.4452 


0.7308 

0.2327 


1.7363 

0.4920 


0.8705 

0.3319 


1.9462 

0.5349 


1.0119 

0.3793 


2.1626 

0.5728 


1.1558 

0.4246 


2.3866 

0.6061 


1.3034 

0.4669 





1.4549 

0.5066 

3.0 

•.2062 

0.0439 


1.6121 

0.5426 


0.4199 

0.1135 


1.7751 

0.5755 


0.6363 

0.1808 


1.9350 

0.6021 


0.8541 

•.2453 





1.0752 

0.3051 

2.4 

0.1553 

0.0433 


1.2961 

0.3626 


0.3047 

0.1038 


1.5182 

•.4173 


0.4582 

0.1629 


1.7427 

0.4685 


0.6109 

0.2205 


1.9716 

0.5155 


0.7682 

0.2741 


2.2061 

0.5379 


0.9259 

0.3259 





1.0846 

0.3756 

3.2 

0.3016 

0.0677 


1.2456 

0.4231 


0.5403 

0.1393 


1.4103 

0.4675 


0.7812 

0.2082 


1.5791 

0.5089 


1.0244 

0.2736 


1.7553 

0.5463 


1.2697 

0.3347 


1.9344 

0.5800 


1.5151 

0.3931 





1.7618 

0.4482 





2.0120 

0.4992 





2.2674 

0.5452 
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TABLE II 


10 BLADED PROP-FAN PERFORMANCE 


0,55 MACH NUMBER 


J 


2.0 


2.2 


2.4 


2.6 



C *Net 

n Net 

J 

s 

C TNet 

n Nat 

0.5315 

0.2317 

0.872 

2.8 

0.2617 

0.0669 

0.715 

0.6497 

0.2794 

0.860 


0.4364 

0.1300 

0.835 

0.7716 

0.3258 

0.854 


0.6152 

0. 1909 

0.868 

0.8969 

0.3713 

0.828 


0.7980 

0.2496 

0.876 

1.0250 

0.4156 

0.811 


0. 9846 

0 . 3057 

0.869 

1.1566 

0.4587 

0.792 


1.1745 

0.3594 

0.857 

1.2902 

0.5000 

0.775 


1.3678 

0.4115 

0.843 

1.4260 

0.5406 

0.759 


1.5642 

0.4620 

0.827 

1.5640 

0.5792 

0.740 


1.7638 

0.5101 

0.810 

1.7039 

0.6154 

0.722 


1.9670 

0.5564 

0.792 

1.7638 

0.5820 

0.660 





0.3923 ■ 

0-.1S39 

0.864 

3.0 

0.3151 

0.0772 

0.735 

0.5199 

0.2071 

0.876 


0.5109 

0.1427 

0.839 

0.6512 

0.2580 

0.872 


0.7109 

0.2055 

0.867 

0.7860 

0.3067 

0.859 


0.9149 

0.2661 

0.873 

0.9240 

0.3541 

0.844 


1.1226 

0.3240 

0.866 

1.0650 

0.4005 

0.827 


1.3340 

0.3795 

0.854 

1 . 2090 

0.4454 

0.810 


1.5489 

0.4333 

0.840 

1.3555 

0.4886 

0.793 


1.7672 

0.4851 

0.823 

1.5045 

0.5301 

0.775 


1.9896 

0.5345 

0.806 

1.6558 

0.7516 

0.759 


2.2139 

0.5816 

0.788 

1.8090 

0.6089 

0.740 

3.2 

0. 1943 

0.0291 

0.479 





0.4086 

0.0983 

0.770 

0.3539 

0.1360 

0.851 


0.6281 

0. 1661 

0.846 

0.5265 

0.1917 

0.874 


0.8513 

0.2303 

0 . 8n6 

0.6728 

0.2456 

0.876 


1.0787 

0.2926 

0.868 

0.8227 

0.2970 

0.867 


1.3100 

0.3518 

0.859 

0.9759 

0.3466 

0.853 


1.5451 

0.4090 

0.847 

l. 1322 

0.3949 

0.837 


1.7837 

0.4642 

0.833 

1.2916 

0.4419 

0.821 


2.0255 

0.5165 

0.316 

1.4537 

0.4869 

0.804 


2.2704 

0.5663 

0.798 

1.6182 

0.5301 

0.786 


2.5177 

0.6148 

0.782 

1.7851 

0.5729 

0.771 

3.4 

0.3116 

0.0592 

0.645 

0.2408 

0.0674 

0.728 


0.5510 

0. 1304 

0.305 

0.3964 

0. 1278 

0.839 


0.7951 

0. 1994 

0.353 

0.5561 

0.1363 

0.371 


1.0435 

0.2648 

0.863 

0.7197 

0.2428 

0.877 


1.2963 

0.3290 

0.360 

0.8869 

0.2967 

0.870 


1.5530 

0.3883 

0.351 

1.0575 

0.3484 

0.857 


1.8134 

0.4470 

0.338 

1.2313 

0.3987 

0.842 


2.0774 

0.5031 

0.823 

1.4081 

0.4475 

0.826 


2.3442 

0.5551 

0.305 

1.5877 

0.4942 

0. 309 


2.6136 

0.6050 

0.737 

1.7701 

0.5389 

0.792 
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SP14A77 


HAMILTON STANDARD 



tabu: izi 

10 BLADES PROP-FAN PERFORMANCE 


J 


2.2 


2.4 


2.6 


2.8 


0.60 MACH NUMBER 


°p 

^Net 

n Net 

J 


C TN€C 

n Net 

0.5330 

0.2122 

0.876 

3.0 

0.3191 

0.0784 

0.737 

0.6682 

0.2642 

0.870 


0.5177 

0.1448 

0.839 

0.8072 

0.3140 

0.856 


0.7207 

0.2084 

0.867 

0.9494 

0.3524 

0.840 


0.9278 

0.2697 

0.872 

1.0949 

0.4097 

0.823 


1.1388 

0.3282 

0.865 

1.2434 

0.4555 

0.806 


1.2535 

0. 3844 

0.852 

1.3946 

0.4994 

0.788 


1.5718 

0.4389 

0.838 

1.5482 

0.5416 

0.770 


1.7936 

0.4909 

0.821 

1.7041 

0.5834 

0.753 


2.0185 

0.5406 

0.803 

1.8621 

0.6215 

0.734 


2.2463 

0.5881 

0.786 

0.3910 

0.1389 

0.853 

3.2 

0.1965 

0.0277 

0.483 

0.5366 

0.1955 

0.874 


0.4137 

0.0977 

0.772 

0.6862 

0.2504 

0.876 


0.6355 

0.1682 

0.847 

0.8396 

0.3025 

0.865 


0.8618 

0.2331 

0.866 

0.9965 

0.3530 

0.850 


1.0923 

0.2960 

0.868 

1.1565 

0.4022 

0.835 


1.3269 

0.3559 

0.858 

1.3198 

0.4498 

0.818 


1.5654 

0.4132 

0.846 

1.4856 

0.4953 

0.800 


1.8075 

0.4695 

0.831 

1.6541 

0.5390 

0.783 


2.0532 

0.5222 

0.814 

1.8249 

0.5827 

0.766 


2.3016 

0.5724 

0.796 





2.5526 

0.6216 

0.779 

0,2441 

0.0686 

0.731 





0.4024 

0.1300 

0.841 

3.4 

0.3146 

0.0600 

0.648 

0.5649 

0.1893 

0.871 


0.5571 

0.1320 

0.806 

0.7315 

0.2467 

0.877 


0.8043 

0.2018 

0.853 

0.9018 

0.3012 

0.868 


1.0560 

0.2678 

0.862 

1.0757 

0 '*37 

0.855 


1.3122 

0.3326 

0.860 

1.2529 

0.*d 47 

0.840 


1.5724 

0.3925 

0.850 

1.4331 

0.4540 

0.823 


1.8365 

0.4578 

0.837 

1.6163 

0.5013 

0.806 


2.1050 

0.5085 

0.821 

1.8022 

0.5465 

0.788 


2.3755 

0.5609 

0.803 





2.6488 

0.6113 

0.785 

0.2648 

0.0680 

0.719 





0.4422 

0.1320 

0.836 

3.6 

0.2232 

0.0253 

0.408 

0.6238 

0.1936 

0.869 


0.4879 

0.1009 

0.744 

0.8096 

0.2531 

0.875 


0.7578 

0.1745 

0.829 

0.9991 

0.3098 

0.868 


1.0325 

0.2448 

0.853 

1.1923 

0.3642 

0.855 


1.3118 

0.3128 

0.856 

1.3897 

0.4172 

0. 84i 


1.5955 

0.3762 

0.350 

1.5897 

0.4683 

0.324 


1.8831 

0.4387 

0.339 

l. 7927 

0.5163 

0.807 


2.1755 

0.4981 

0.824 

1.9987 

0.5632 

0.789 


2.4698 

0.5535 

0.807 





2.7671 

0.6060 

00 

CO 

r- 

« 
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HAMILTON STANDARD / • 

SB****.. 


SP14ATT 

Revision A 
2/28/76 


TABLE IV 

10 BLADED PROP-FAN ?t*T?PMANCE 
0.65 MACH NUMBER 


C P 

c ^.t 

n Net 

J 

C P 

Cl Net 

n 

Net 

0.4014 

0.1430 

0.856 

3.2 

0.1988 

0.0303 

0.438 

0.5518 

0.2012 

0.875 


0.4195 

0.1014 

0.774 

0. 7064 

0.2572 

0.874 


0.6449 

0. 1708 

0.848 

0.8651 

0.3106 

0.862 


0.8750 

0.2367 

0.S65 

1.0275 

0.3623 

0.847 


1.1094 

0.3004 

0.867 

1.1932 

0.4128 

0.830 


1.3481 

0.3610 

0.857 

1.3621 

0.4613 

0.813 


1.5907 

0.4196 

0.344 

1.5339 

0.5078 

0.794 


1.8370 

0.4760 

0.829 

1.7082 

0.5523 

0.777 


2.0875 

0.5292 

0.811 

1.8851 

0.5966 

0.759 


2 . 3404 

0.5799 

0.793 

0.2488 

0.0705 

0.737 

3.4 

0.3184 

0.0610 

0.651 

0.4110 

0.1333 

0.844 


0.5644 

0. 1340 

0.308 

0.5777 

0.1937 

0.872 


0.8154 

0.2046 

0.353 

0.7487 

9.2522 

0.876 


1.0711 

0.2716 

0.862 

0.9237 

0.2522 

0.876 


1.3312 

0.3370 

0.859 

1.1032 

0.3616 

0.852 


1.5956 

0.3989 

0. 847 

1.2854 

0.4137 

0.837 


1.8639 

0.4576 

0.835 

1.4706 

0.4636 

0.820 


2.1369 

0.5146 

0.810 

1.6591 

0.5117 

0.802 


2.4119 

0.5676 

0.300 

1.8502 

0.5576 

0.784 





2.0441 

0.6033 

0.767 

3.6 

0.2285 

0.0253 

0.412 





0.4940 

0. 1024 

0. -•o 





0.7684 

0.1770 

0.829 

0.2695 

0.0696 

0.723 


1.0472 

0.2481 

0.853 

0.4507 

0. 1350 

0.839 


1.3308 

0.3170 

0.S55 

0.6363 

0. 1975 

0.869 


1.6188 

0.3811 

0.849 

0.8262 

0.2581 

0.875 


1.9108 

0.4444 

0.837 

1.0201 

0.3157 

0.367 


2.2064 

0.5040 

0.822 

1.2177 

0.3710 

0.853 


2.5053 

0.5597 

0.304 

1.4188 

0.4247 

0.838 





1.6233 

0.4762 

0.821 

3.8 

0.4369 

0.0765 

0.666 

1.8309 

0.5254 

0.804 


0.7353 

0. 1546 

0.799 

2.0417 

0.5724 

0.786 


1.0389 

0.2293 

0.841 





1.3475 

0.3005 

0.348 

0.3238 

0.0799 

0.740 


1.6608 

0.3687 

0.345 

0.5260 

0. 1474 

0.341 


1.^731 

0.4346 

0.336 

0.7328 

0.2119 

0.367 


*> n qq n 

0 .4966 

0.324 

0.9438 

0.2741 

0.371 


2.o237 

0. 5565 

0.806 

1.1589 

0.3334 

0.363 


2.9512 

0.6111 

0.737 

1.3777 

0.3904 

0.350 


3.2311 

0. 6654 

0.771 

1.6004 

0.4457 

0.336 





1.8265 

0.4983 

0.318 





2.0564 

0. 5486 

0.800 





2.2886 

0.5967 

0.783 






12 



r j 
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TABLE V 

10 BLADED PROP-FAN PERFORMANCE 
0.70 MACH NUMBER 


Cp 

CT Net 

n Net 

J 

Cp 

C: Net 

0.4236 

0.1379 

0.847 

3.4 

0.3236 

0.0623 

0.5966 

0.2007 

0.872 


0.5745 

0.1367 

0.7743 

0.2605 

0.874 


0.8396 

0.2085 

0.9560 

0.3173 

0.863 


1.0915 

0.2765 

1.1418 

0.3724 

0.848 


1.3572 

0.3429 

1.3312 

0.4260 

0.832 


1.6272 

0.4059 

1.5250 

0.4774 

0.814 


1.9012 

0.4653 

1.7209 

0.5263 

0.795 


2.1788 

0.:>226 

1.9198 

0.5738 

0.777 


2.4607 

O.^CJ 

2.1213 

0.6192 

0.759 


2.7442 

0.6288 

0.2758 

0.0718 

0.729 

3.6 

0.2238 

0.0265 

0.4623 

0.1388 

0.842 


0.5020 

0.1043 

0.6536 

0.2030 

0.869 


0.7807 

0.1801 

0.8496 

0.2650 

0.873 


1.0647 

0.2521 

1.0497 

0.3238 

0.864 


1.3535 

0.3219 

1.2538 

0.3805 

0.850 


1.6481 

0.3871 

1.4615 

0.4355 

0.834 


1.5458 

0.4501 

1.6728 

0.4879 

0.817 


2.2471 

0.3117 

1.8871 

0.5379 

0.798 


2.5517 

0.5627 

2 . 1046 

0.5863 

0.781 


2.8592 

0.6213 

0.3305 

0.0821 

0.745 

3.8 

0.4436 

0.0779 

0.5378 

0.1571 

0.843 


0.7470 

0.1522 

0.7499 

0.2168 

0.867 


1.0559 

0.2335 

0.9663 

0.2806 

0.871 


1.3699 

0.3064 

1.1877 

0.3408 

0.361 


1.6887 

0.3743 

1.4126 

0.3990 

0.847 


2.0117 

0.44 9 

1.6414 

0.4553 

0.832 


2.3385 

0.5047 

1.8737 

0.5085 

0.814 


2.6689 

0.5638 

2.1094 

0.5594 

0.7°6 


3.0022 

0.6185 

2.3485 

0.7751 

0.778 







4.0 

0.4010 

0.0572 

0.2019 

0.0312 

0.495 


0.7309 

0.1400 

0.4274 

0.1037 

0.777 


1.0665 

0.2196 

0.6581 

0.1746 

0.849 


1.4074 

0.2945 

0.8933 

0.2416 

0.865 


1.7531 

0.3676 

1.1333 

0.3064 

0.865 


2.1032 

0.4358 

1.3776 

0.3680 

0.355 


2.4573 

0.5030 

1.6260 

0.4274 

0.841 


2.3153 

0 . 5643 

1.3783 

0.4850 

0.326 


3.1758 

0.6210 

2.1339 

0.5384 

0.807 




2.3936 

0.5898 

0.789 





SP14A77 
Revision A 
2/28/78 


n Net 

0.655 

0.809 

0.S53 

0.861 

0.857 

0.845 

0.832 

0.815 

0.296 

0.779 

0.416 
0.748 
0.830 
0.853 
0.854 
0.847 
0.836 
0 820 
0.801 
0.783 

0 .608 
0.300 
0.340 
0.846 
0 . 84 i 
0.834 
0.320 
0.803 
0.783 

0.571 

0.766 

0.323 

0.337 

0.837 

0.830 

0.318 

0.302 

0.732 
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HAMILTON STANDARD 



TABLE V (Cont) 

10 BLADED PROP-FAN PERFORMANCE 


0.70 MACH NUMBER 


J 


4.2 


Cp 

0.3785 

C.7366 

1.1007 

1.4702 

1.8446 

2.2236 

2.6067 

2.9939 


C T N et 

0.0423 

0.1285 

0.2109 

0.2893 

0.3652 

0.4357 

0 . 50jv 
0.5686 


n Net 

0.470 

0.733 

0.805 

0.826 

0.829 

0.824 

0.813 

0.798 
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HAMILTON STANDARD 


SP14A77 



TABLE VI 

IQ BEADED PROP-FAN PERFORMANCE 
0.75 MACH NUMBER 


Cp 

CT Net 

n Net 

J 

Cp 

CT Net 

n Net 

0.2845 

0.0750 

0.738 

3.6 

0.2329 

0.0274 

0.423 

0.4788 

0.1444 

0.845 


0.5428 

0.1070 

0.751 

0.6785 

0.2107 

0.869 


0.7985 

0.1844 

0.831 

0.8831 

0.2748 

0.871 


1.0898 

0.2577 

0.851 

1.0924 

0.3354 

0.860 


1.3861 

0.3276 

0.852 

1.3059 

0.3938 

0.845 


1.6872 

0.3951 

0.844 

1.5233 

0.4506 

0.828 


1.5940 

0.4593 

0.832 

1.7443 

0.5042 

0.809 


2.3032 

0.5218 

0.815 

1.9687 

0.5554 

0.790 


2.6157 

0.5783 

0.796 

2.1962 

0.6057 

0.773 


2.9312 

0.6335 

0.779 

0.3400 

0.0851 

0.751 

3.8 

0.4523 

0.0799 

0.672 

0.5549 

0.1653 

0.845 


0.7626 

0.1607 

0.801 

0.7750 

0.2240 

0.867 


1.0787 

0.2382 

0.839 

1.0000 

0.2894 

0 • 868 


1.4002 

0.3124 

0.845 

1.2295 

0.3514 

0.857 


1.7266 

0.3818 

0.841 

1.4632 

0.4110 

0.843 


2.0573 

0.4496 

0.831 

1.7010 

0.4689 

0.827 


2.3920 

0.5138 

0.816 

1.9424 

0.5231 

0.808 


2.7303 

0.5233 

0.798 

2.1871 

0.5749 

0.789 


3.0715 

0.6295 

0.779 

0.4389 

0.1071 

0.781 

4.0 

0.4085 

0.0586 

0.575 

0.6768 

0.1797 

0.850 


0.7453 

0.1429 

0.767 

0.9198 

0.2485 

0.864 


1.0881 

0.2239 

0.823 

1.1677 

0.3148 

0.863 


1.4365 

0.3000 

0.835 

1.4202 

0.3779 

0.851 


1.7898 

0.3742 

0.835 

1.6770 

0.4378 

0.837 


2.1477 

0.4437 

0.327 

1.9377 

0.4970 

0.820 


2.5097 

0.5101 

0.815 

2.2019 

0.5515 

0.801 


2.8755 

3.2440 

0.5731 

0.6306 

0.797 

0.778 

0.3307 

0.0642 

0.660 

4.2 

0.3853 

0.0435 

0.474 

0.5835 

0.1404 

0.611 


0.7575 

0.1311 

0.734 

0.8517 

0.2136 

0.853 


1.1219 

0.2149 

0.804 

1. 1203 

0.2833 

0.860 


1.4990 

0.2944 

0.825 

1.3936 

0.3511 

0.854 


1.8812 

0.3714 

0.826 

1.6715 

0.4143 

0.843 


2.2681 

0.4629 

0.821 

1.9535 

0.4759 

0.828 


2.6591 

0.5117 

0.811 

2.2391 

0.5335 

0.810 


3.0542 

0.5769 

0.793 

2.5292 

2.8208 

0.5884 

0.6418 

0.791 

0.774 


3.4518 

0.6360 

0.774 
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SP14A77 


VSfTS?~i i HIM i 


4.4 0.3861 

0.7816 
1.1834 
1.5911 
2.0040 
2.4217 
2.8433 
3.2699 
3.6985 


0.0345 0.394 
0.1251 0.703 
0.2115 0.786 
0.2490 0.813 
0.3720 0.817 
0.4485 0.813 
0.5189 0.803 
0.5851 0.787 
0.6454 0.768 


TABLE VI (Cont) 
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TvCNMQIMUB -* 


TABLE VII 


10 B LADED PROP-FAN PERFORMANCE 


0.80 MACH NUMBER 


Cp 

Cl Net 

n Net 

J 

Cp 

CT Net 

n Net 

0.2943 

0.0782 

0.744 

3.6 

0.2382 

0.0285 

0.430 

0.4988 

0.1506 

0.845 


0.5276 

0.1105 

0.754 

0.7093 

0.2197 

0.867 


0.8233 

0.1901 

0.831 

0.9254 

0.2861 

0.866 


1.1248 

0.2653 

0.849 

1.1469 

0. 3491 

0.852 


1.4318 

0.3372 

0.849 

1.3728 

0.4098 

0.836 


1.7439 

0.4062 

0.840 

1.6031 

0.4683 

0.818 


2.0620 

0.4731 

0.826 

1.8377 

0.5238 

0.798 


2.3826 

0.5324 

0.809 

2.0755 

0.5765 

0.779 


2.7065 

0.5931 

0.789 

2.3167 

0.6282 

0.759 

3.8 

0.4624 

0.0824 

0.675 

0.1324 

0.0132 

0.299 


0.7844 

0.1654 

0.801 

0.3509 

0.0886 

0.757 


1.1107 

0.2448 

0.838 

0.5757 

0.1626 

0.847 


1.4427 

0.3208 

0.842 

0.8062 

0.2327 

0.866 


1.7800 

0.3917 

0.838 

1.0421 

0.3002 

0.864 


2.1217 

0.4616 

0.826 

1.2831 

0.3643 

0.852 


2.4675 

0.5265 

0.811 

1.5287 

0.4260 

0.836 


2.8169 

0.5863 

0.791 

1.7787 

0.4853 

0.818 


3.1693 

0.6447 

0.774 

2.0325 

0.5411 

0.799 





2.2899 

0.5954 

0. 780 

4.0 

0.4186 

0.0605 

0.578 





0.7652 

0.1469 

0.768 

0.2108 

0.0338 

0.513 


1.1182 

0.2297 

0.822 

0.4526 

0.1111 

0.785 


1.-4771 

0.3075 

0.832 

0.7004 

0.1862 

0.851 


U8411 

0.3821 

0.832 

0.9538 

0.2573 

0.863 


2.2099 

0.4546 

0.823 

1.2126 

0.3256 

0.859 


2.5834 

0.5214 

0.810 

1.4764 

0.3906 

0.847 


2.9599 

0.5849 

0.790 

1.7448 

0.4533 

0.832 





2.0172 

0.5125 

0.813 





2.2936 

0.5686 

0.793 





2.5743 

0.6235 

0.225 





0.3397 

0.0669 

0.667 





0.6072 

0.1453 

0.813 





0.8806 

0.2207 

0.852 





1.1597 

0.2925 

0.858 





1.4440 

0.3610 

0.851 





1.7332 

0.4272 

0.838 





2.0267 

0.4904 

0.823 





2.3241 

0.5490 

0.803 





2.6262 

0.6050 

0.783 





2.9295 

0.6600 

0.766 
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TABLE VIII 

SLIPSTREAM CHARACTERISTICS 


Cp 

* 

AV/V 

J 

S 

4> 

0.2 

24.40 

0.1132 

1.4 

0.2 

3.50 

0.4 

30.95 

0.1223 


0.4 

6.10 

0.6 

33.50 

0.1245 


0.6 

8.23 

0.8 

35.50 

0.1240 


0.8 

10.10 

1.0 

37.15 

0.1228 


1.0 

11.70 

1.2 

38.40 

0.1210 


1.2 

13.18 





1.4 

14.50 

0.2 

16.10 

0.0852 


1.6 

15.70 

0.4 

21.30 

0. 1030 


1.8 

16.70 

0.6 

24.90 

0.1131 




0.8 

27.20 

0.1181 

1.6 

0.2 

2.53 

1.0 

29.10 

0.1212 


0.4 

4.73 

1.2 

30.70 

0.1233 


0.6 

6.53 

1.4 

32.00 

0.1245 


0.8 

8.20 

1.6 

33.10 

0.1251 


1.0 

9.62 





1.2 

10.98 

0.2 

10.00 

0.0595 


1.4 

12.22 

0.4 

15.30 

0.0813 


1.6 

13.40 

0.6 

18.55 

0.0950 


1.8 

14.45 

0.8 

20.80 

0.1030 


2.0 

15.40 

1.0 

22.75 

0. 1085 




1.2 

24.50 

0.1129 

1.8 

0.2 

2.03 

1.4 

26.00 

0.1160 


0.4 

3.83 

1.6 

27.15 

0.1185 


0.6 

5.36 





0.8 

6.77 

0.2 

6.40 

0.0360 


1.0 

8.10 

0.4 

10.70 

0.0605 


1.2 

9.33 

0.6 

13.75 

0.0772 


1.4 

10.50 

0.8 

16.10 

0.0867 


1.6 

11.60 

1.0 

18.10 

0.0933 


1.8 

12.57 

1.2 

19.80 

0.0988 


2.0 

13.52 

1.4 

21.20 

0.J032 




1.6 

22.40 

0.1070 

2.0 

0.2 

1.70 

1.3 

24.35 

0. 1099 


0.4 

3.15 





0.6 

4.50 

0.2 

4.70 

0.0240 


0.8 

5.78 

0.4 

7.93 

0.0435 


1.0 

6.97 

0.6 

10.55 

0.0594 


1.2 

8.05 

0.8 

12.55 

0.0701 


1.4 

9.13 

1.0 

14.30 

0.0781 


1.6 

10.10 

1.2 

15.90 

0.0850 


1.8 

11.02 

1.4 

17.40 

0.0904 


2.0 

11.90 

1.6 

18.60 

0.0952 


2.2 

12.65 

1.8 

19.74 

0.0995 





r I 


SP14A77 


AV/V 

0.0180 

0.0336 

0.0474 

0.0585 

0.0670 

0.0732 

0.0786 

0.0834 

0.8800 

0.0143 

0.0268 

0.0384 

0.0485 

0.0569 

0.0637 

0.0689 

0.0736 

0.0779 

0.0820 

0.0116 

0.0228 

0.0330 

0.0419 

0.0490 

0.0550 

0.0603 

0.0650 

0.0695 

0.0733 

0.0102 

0.0193 

0.0280 

0.0360 

0.0431 

0.0494 

0.054 7 

0.0593 

0.0638 

0.0678 

0.0715 
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TABLE VIII ( Cont ) 


s 

* 

AV/V 

J 

S 


AV/V 

0.2 

1.40 

0.0092 

3.0 

0.2 

0.75 

0.0059 

0.4 

2.70 

0.0170 


0.4 

1.50 

0.0105 

0.6 

3.90 

0.0243 


0.6 

2.25 

0.0152 

0.8 

4.98 

0.0310 


0.8 

3.00 

0.0199 

1.0 

6.02 

0.0375 


1.0 

3.75 

0.0241 

1.2 

7.03 

0.0432 


1.2 

4.50 

0.0282 

1.4 

8.00 

0.0482 


1.4 

5.25 

0.0325 

1.6 

8.92 

0.0530 


1.6 

6.00 

0.0369 

1.8 

9.82 

0.0573 


1.8 

6.75 

0.0410 

2.0 

10.69 

0.0615 


2.0 

7.50 

0.0449 

2.2 

11.48 

0.0655 


2.2 

8.25 

0.0488 

0.2 

1.22 

0.0082 

3.2 

0.2 

0.70 

0.0052 

0.4 

2.30 

0 . C145 


0.4 

1.40 

0.0095 

0.6 

3.32 

0.0205 


0.6 

2.09 

0.0140 

0.8 

4.30 

0.0263 


0.8 

2.78 

0.0185 

1.0 

5.28 

0.0319 


1.0 

3.48 

0.0227 

1.2 

6.23 

0.0372 


1.2 

4.18 

0.0265 

1.4 

7.13 

0.0425 


1.4 

4.87 

0.0302 

1.6 

8.00 

0.0473 


1.6 

5.57 

0.0342 

1.8 

8.83 

0.0520 


1.8 

6.26 

O . C379 

2.0 

9.60 

0.0563 


2.0 

6.96 

0.0418 

2.2 

10.32 

0.0602 


2.2 

7.66 

0.0455 

0.2 

1.03 

0.0072 

3.4 

0.2 

0.65 

0.0045 

0.4 

2.00 

0.0122 


0.4 

1.30 

0.0088 

0.6 

2.90 

0.0182 


0.6 

1.96 

0.0129 

0.8 

3.78 

0.0237 


0.8 

2.61 

0.0169 

1.0 

4.63 

0.0289 


1.0 

3. 26 

0.0209 

1.2 

5.50 

0.0338 


1.2 

3.91 

0.0245 

1.4 

6.35 

0.0385 


1.4 

4.56 

0.0282 

1.6 

7.20 

0.0433 


1.6 

5.22 

0.0319 

1.8 

8.03 

0.0478 


1.8 

5.87 

0.0352 

2.0 

8.80 

0.0523 


2.0 

6.52 

0.0388 

2.2 

9.50 

0.0568 


2.2 

7.17 

0 . 042o 

0 ." 

0.83 

0.0066 

3.6 

0.2 

0.60 

0.0040 

0 .' 

1.66 

0.0115 


0.4 

1.20 

0.0078 

0.6 

2.50 

0.0168 


0.6 

1.80 

0.0118 

0.8 

3.33 

0.0219 


0.8 

2.40 

0.0158 

1.0 

4.16 

0.0257 


1.0 

3.00 

0.0192 

1.2 

4.99 

0.0312 


1.2 

3.60 

0.0225 

1.4 

5.82 

0.0359 


1.4 

4.20 

0.0258 

1.6 

6.66 

0.0402 


1.6 

4.80 

0.0292 

1.8 

7.49 

0.0445 


1.8 

5.40 

0.0323 

2.0 

8.32 

0.0488 


2.0 

6.00 

0.0355 

2.2 

9.15 

0.0531 


2.2 

6.60 

0.0387 
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TABLE VIII (Cont) 


3.8 


4.2 


4.6 


°p 

* 

AV/V 

0.2 

0.56 

0.0033 

0.4 

1.12 

0.0068 

0.6 

1.68 

0.0103 

0.8 

2.24 

0.0137 

1.0 

2.80 

0.0170 

1.2 

3.36 

0.0200 

1.4 

3.92 

0.0232 

1.6 

4.48 

0.0263 

1.8 

5.04 

0.0292 

2.0 

5.60 

0.0320 

2.2 

6.16 

0.0345 

0.2 

0.46 

0.0028 

0.4 

0.93 

0.0062 

0.6 

1.39 

0.0095 

0.8 

1.86 

0.0125 

1.0 

2.32 

0.0155 

1.2 

2.78 

0.0182 

1.4 

3.25 

0.0210 

1.6 

3.71 

0.0238 

1.8 

4.18 

0.0263 

2.0 

4.64 

0.0285 

2.2 

5.10 

0.0308 

0.2 

0.40 

0.0024 

0.4 

0.79 

0.0052 

0.6 

1.19 

0.0080 

0.8 

1.58 

0.0108 

1.0 

1.98 

C.0132 

1.2 

2.38 

0.0155 

1.4 

2.77 

0.0182 

1.6 

3.17 

0.0203 

1.8 

3.56 

0.0223 

2.0 

3.96 

0.0243 

2.2 

4.36 

0.0262 
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PROP-FAN NBAR-FIE1D NOISE ESTIMATION AT CRUISE 


The attached aoise generalization is for six, eight, at ten-hlade4 Prop-Fans. 

It allows estimation of free field overall noise level amd spectra level at 
near-field locations Where an aircraft fuselage would he located. Noise 
can be estimated at forward speeds of 0.7 to 0.8 Mach amber, tip speeds from 600 
to 800 ft/sec (183 to 244 m/sec) at cruise altitudes from 30,000 to 45,000 
feet (9144 to 13716 m). The levels fore and aft of the peak aoise location 
near the plane of rotation are presented for tip clearances (the distance from 
the fuselage to the propeller tip) from 0.2 to 0.8 propeller diameters. 

The near-field noise prediction procedure is based on calculations made with the 
theoretical Prop-Fan prediction procedure developed by Hamilton Standard. The 
computer results have been generalised for an advanced Prop-Fan configuration 
to indicate the level of noise expected for a fully developed Prop-Fan. 

Near-field noise generated by a Prop-Fan may be estimated aa follows: 

1. For the design rotational tip speed and cruise Mach member, determine 
the efficiency, ^ , from the Prop-Fan performance procedare. 

2. Determine the maximum sideline overall sound pressara level at 0.8 diameters 
from the Prop-Fan tip, from Figure 1 for a six-blade fan. Figure 2 for an 
eight-blade fan or Figure 3 for a ten-blade fan. 

3. If the altitude differs from 30,000 feet (9144) the altitvde correction 
from Figure 4 should be added to the base level from Figures 1, 2, or 3. 

4. If the noise at a measurement point fore and aft of the peak, or a tip 
clearance of other than 0.8 diameter is to be estimated, add the partial 
levels from Figures 5, 6, or 7 to the base levels from Figures 1, 2, or 3. 

These figures were derived from calculations at 0.7 Mack number cruise at 35,000 
feet (10,668 m) altitude but may be applied for any other cruise condition. 

5. The spectrum level relative to the overall levels determined by the above 
steps is found in Figure 8. This figure was derived from calculations at 0.7 
Mach number cruise at 35,000 foot (10,668 m) altitude but may be applied for 
aojr other cruise condition. 
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SAMPLE ESTIMATE OF PROP-FAN NEAR-FIELD NOISE 


To assise those using the Prop-Faa near-field noise generalisation, the fo Hair- 
ing sample calculation is provided: 


• Efficiency: 

. Tip Speed: 

. Cruise Mach Number: 

• Tip Clearance: 

• Fore aad Aft Location: 

• Altitude: 

• Number of Blades: 


0.83 (from the Prop-Fan performance procedara) 
800 ft/sec (244 m/sac) 

0.8 

0.4 Diameter 

0.5 Diameter Forward 

35,000 feet (10,668 ■) 

Ten 


Step 1: For an efficiency of 0.83, a tip speed of 800 ft/aec (244 n/sec) , 
a cruise Mach number of 0.8, and ten blades in the fan; Figure 3 indicates 
that the peak sideline overall sound pressure level is 135.0 dB. 


Step 2: Since the operating altitede is 35,000 ft (10, §M ■) the noise level 

of Step 1 is reduced by 1 dB an the basis af Figure 4. 


Step 3: For a tip clearance af 0.4 diameter and a fora and ait distance of 
0.5 diameter forward for a tea-blade 2 an; Figure 7 indicates that the level 
in Step 1 is reduced by 2 1 dB. 


Step 4: The overall sound pressure level is the sum of the partial levels of 

Steps 1, 2, and 3; 135 - 2 - 21 » 112.0 dB. 


Step 5: For a tip speed of 800 ft/sec (244 m/sec) the spectrum level correc- 

tions frem Figure 8 are: 

Level Relative to Sound Pressure Level 

Overall Sound of Blade Passage 

Pressure Level Frequency Harmonics 


Blade Passage Frequency 

-1.5 dB 

110.5 dB 

(BPF) 




2X BPF 

-8.5 

103.5 

3X BPF 

-15.5 

96.5 

4Xr BPF 

-20 

92 

5X BPF 

-22 

90 

6X BPF 

-23 

89 

7X BPF 

-23 

89 

8X BPF 

-23.5 

88.5 

9X BPF 

I 


[ 

1 

10X BPF 

| 


! 

11X BPF 

i 



12X BPF 




13X BPF 

i 



14X BPF 

t 


r 
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Prop-Fan Gearbox Noise Estimation 


The attached noise generalization allows estimation of the uninstalled gear- 
box noise (i.e. without additional attenuation from enclosing nacelles) 
associated with a Prop-Fan Propulsion System, This procedure is derived 
from a procedure developed by Hamilton Standard and published in FAA 
report FAA-RD-76-49, II, entitled V/STOL Rotary Propulsion Systems Noise 
Prediction and Reduction, The absolute accuracy of the method has not 
been established by correlation studies with test data since there is 
little test data available on installed gearboxes* However, the method 
should be adequate for preliminary design studies of Prop-Fan systems. 

The noise generated by gearboxes used in Prop-Fan aircraft propulsion 
systems may be estimated using the procedure presented below. 

The required information includes: 

1. Power transmitted per stage. 

2. The input or output gear rate of revolution and number of teeth. 

The noise estimate is made by computing a 1/3 octave band spectrum of the 
noise for each stage, then summing the spectra logarithmically. 

The noise spectrum from one gearbox stage may be estimated as follows: 

Step 1. Obtain the overall Sound Pressure Level from the following 
equation based on transmitted horsepower, distance from 
gearbox to measurement location and ambient conditions. 

SPL * 18 log io HP - 20 logio R + 10 logig P - 5 log^g T + K 

where: SPL - Sound Pressure Level, dB re 20 uPa 

HP * Transmitted power 
R - So urce-t o-o b server distance 
P * The ambient pressure 
T ■ The ambient temperature 

K * 67.4 for units in horsepower, feet, psia, and °R 
19*9 for units in KW, meters, N/m^, and °K 

Step 2. Calculate the tooth contact frequency, fj c , from: 

f Tc * RPS x N 

wheLC RPS x N is the revolution/sec x no. of 
teeth of either input or output gear 

Step 3. Calculate the reference frequency as the center frequency 
of the 1/3 octave band containing the tooth contact 
frequency, fx c * Obtain the spectrum correction, from 
Figure 9. The short vertical lines just above the 
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horizontal axis indicates 1/3 octave band frequency above 
and belov that containing the tooth contact frequency (at 
a frequency ratio of 1). 

Step 4. The algebraic sum of the Overall Sound Pressure Level from 
Step 1 and the spectrum correction from figure ^ gives the 
gearbox 1/3 octave band Sound Pressure Levels. 

Step 5* If the gearbox has more than one stage repeat the shove 
steps for each stage and sum the noise contributions of 
the stages logarithmically. 


>le Estimate of Gearbox Noise 


To assist those using the Prop-Fan Gearbox Near Field Noise Generalization 
the following sample calculation is provided: 





Distance- 1.2D + .8D -1.3D 

- 1.3x11 ft -14.3 ft (4.36m) 

At 35.000 ft (10.668m) altitude: 

P- 3.47 PSIA (23,923 N/m^) 

T- 394°R (234°K) 


Since the load is shared by the two intermediate stages, they will be con- 
sidered as two independent stages transmitting one half the power. Thus: 


Step 1. 


SPL - 18 log 10 p2£) -20 log l0 (14.3) + 10 log 10 (3.47)-5 log l0 (394) + 67.4 


- 97 dB 


SPL - 18 log 10 ^£08j -20 log 10 (4.36) 10 log lQ (23923) -5 log 10 (234)* 19.9 


- 97 dB 
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Since there are two parallel stages, the SPL will be 3 dB 
higher, or 100 dB per reduction stage. 

Step 2. 1st stage fx c * 159.08 x 35 / 60 * 5568 Hz 

2nd stage f^ c • 19.90 x 107 / 60 * 2129 Hz 

Step 3. The first stage fx c is in the 5000 Hz band and the second 

stage fx c is in the 2000 Hz band. 

Step 4.& 5. Using figured the spectra for the two stages are thus: 


1/3 Octave Band 

SPLi 

spl 2 

Total 

630 Hz 


70 dB 

70 dB 

800 


72 

72 

1000 


74 

74 

1250 


75 

75 

1600 

70 dB 

82 

82 

2000 

72 

95 

95 

2500 

74 

90 

90 

3150 

75 

83 

84 

4000 

82 

95 

95 

5000 

95 

85 

95 

6300 

90 

86 

92 

8000 

83 

88 

89 

10000 

95 

75 

95 
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PROP-FAN FAR-FIELD NOISE ESTIMATION AT TAKE-OFF AND LANDING 

The attached noise generalization la for six* eight and ten-bladed Prop-Fans. 
It allows estimation of the maximum flyovex or sideline Perceived Noise Level 
for landing and take-off conditions. The procedure does not include core 
engine noise. For e complete system noise estimate, it is recommended that 
the core engine noise obtainable from eng in? manufacturers be Included. 

The far-field generalization is based em past experience with conventional 
propellers and incorporates Improvements to account for recent propellers 
designed with both low noise and good performance as a requirement. Based 
on the available test data, which includes limited tests of the first two 
Prop-Fan designs, it appears that the levels predicted by the attached method 
can be achieved. A long range program is now under way to investigate the 
mechanisms of noise generation and the possibility for reductions relative 
to the levels predicted by the attacked method. The potential for reduction 
in far-field noise has been conservatively established at 5PNdB. This 
reduction will be achieved primarily by reducing low frequency steady loading 
tone noise and to a lesser extent, controlling higher frequency broadband 
and unsteady loading noise components. 
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FAR- FIE ID PROP-FAN NOISE LEVEL AI TAKE-OFF AND LANDING 

Far-field noise generated by a Prop-Fan nay be estimated as follows: 

1. Determine the rotational tip Hach number by calculation or from Figures 
1 and 2. 


2, Obtain FL1 from Figure 3. This is a partial level based on the power input 
to the propeller and its rotational tip Hach number. 


3. Obtain the distance correction FL2 from Figure 4. Note that on take-off 
the distance is that from the measurement location to the aircraft. Thus, for 
estlraaON under the take-off path the vertical distance is used. For the 
sideline certification, the distance nay be assumed to be distance from the 
runway centerline to the measurement location. 


4. The Perceived Noise Level adjustment FL3 Is obtained from Figure 3. The 
helical tip Mach number is determined in Figures 2 and 6 using the tip speed 
(determined in Step 1) plus the forward speed of the aircraft. 


5. Apply the following corrections, NC, for number of Prop-Fans: 

. One Prop-Fan - add 0 
. Two Prop-Fans - add 3 
. Three Prop-Fans - add 4.8 
. Four Prop-Fans - add 6. 


4, The maxinun Perceived Noise Level is the su to of FL1, FL2, FL3, and NC. 


7, To estimate Effective Perceived Noise Level, subtract 2 dB for take-off 
or 4 HB for landing from Perceived Noise Level estimates of Step 6. 
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SAMPLE ESTIMATE OF FAR-FIELD NOISE 

To assist those using the Prop-Fen far-field noise general izati on, the follow- 
ing sample calculation Is provided: 


. Diameter: 

. Power: 

. RPM: 

. Distance: 

. Aircraft Speed: 

. Temperature: 

. Number of Prop-Fans: 

13.75 feet (4.2 m) 

14,500 SHP (10.813 kw) 

1.042 

1 ,000 feet (304.8 m) 

180 knots true (333.5 km/hr) 

75°F at altitude 

Four 

Step 1: 

From Figure 1 - tip speed » 
From Figure 2 - Mach number 

750 ft/sec. (228.6 m/sec) 
■ 0.66. 

Step 2: 

From Figure 3 - FLl • 105 


Step 3: 

From Figure 4 - FL2 • -7 


Step 4: 




From Figure 6 - Helical Tip Speed ■ 810 ft/sec (246.9 m/sec) 
From Figure 2 - Helical Tip Mach Number * 0.715 
From Figure 5 - FL3 » -5 

Step 5: 

For four Prop- Fans - NC * +6 


Step 6: 

Perceived Noise Level (FLl ♦ 

3 

FL2 + FL3 ♦ NC) • 99 PNdb. 
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PROP-FAN WEIGHT ESTIMATION 


The attached curves provide weight estimates for a Prop-Far* (high speed turbo- 
prop and gearbox system) designed for a 0.8 Mach No. cruise aircraft. The 
technology level Included is appropriate for Prop-Fan systems expected to be 
in-service in the 1985-1990 time period. 

The power loading (SHP/D^) term used on the rotor weight curve in Figure 1 is 
based on the maximum power delivered to the rotor. The tip speed (TS) that 
should be used for rotor weights is that at which the maximum SHP occurs. The 
weight curve in Figure 1 is plotted for a tip speed of 800 ft/sec. Rotor weights 
for other tip speeds can be obtained by utilizing the conversion formula provided 
in the curve notes. Figure 2 shows a curve of gearbox weight as a function of 
the maximum delivered output torque. The c*— .e is based on a to gear ratio 
of 8:1. Gearbox weights for other gear ratios can b obtained from the conversion 
formula provided on the curve. 

The curves provide uninstalled rotor and gearbox weight estimates and the major 
components included are defined on the curves. An assessment has been made of 
the additional components and weight required for a fully installed Prop-Fan 
propulsion nacelle package. The additional components included: 

. Nacelle cowling and fairings 
. Nacelle structure for attachment to wing 
. Engine-to-gearbox coupling structure and shaft 
. Engine/gearbox mounting to nacelle structure 
. Engine air inlet ducting 
. Engine exhaust system 
. Fire control system 

. Gearbox cooling and oil tankage system 
. Engine starting system 
. Hydraulic system and hydraulic fluid 
. Electrical system 
• Fuel system 
. Pneumatic system 

. Engine and Prop-Fan control linkage 

It is estimated that the fully installed Prop-Fan propulsion nacelle package 
(Prop-Fan rotor and gearbox, turboshaft engine and above listed additional 
components) would weigh 1.3 times the sum of the rotor, gearbox and engine 
weight. This factor is based on a turboshaft engine weight of 0.167 lbs. 
per SHP (0.101 Kg per Kw) . 
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Sample Weight Calculations ; 


Rotor : 

Given: Diameter » D • 16 ft. 

Max* operating horsepower to c’*** Prop-Fan *» l',920 


Calculate: SL - 

d 2 a «) 2 


70 


Rotor weight from Figure 1 is 2375 pounds or 1080 kilograms. 


Gearbox : 

Calculate: Max. output torque * 4.125 (SHP) (D) 

Torque - (4.125) (17,920) (16) * 1.1827 x 10 6 in-lbs. 

Gearbox weight from Figure 2 is 1450 pounds or 658 kilograms. 

Note: The above torque equation is based on a tip speed of SCO ft/sec. Modify 

the torque by SOO/TS for other tip speeds. 
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PROP-FAN WEIGHT ESTIMATION 


The attached curves provide weight estimates for a Prop-Fan (high speed turbo- 
prop and gearbox system) designed for a 0.8 Mach No* cruise aircraft* The 
technology level included is appropriate for Prop-Fan systems expected to be 
in-service in the 1985-1990 time period. 

The power loading (SHP/D^) term used on the rotor weight curve in Figure 1 is 
based on the maximum power delivered to the rotor* The tip speed (TS) that 
should be used for rotor weights is that at which the maximum SHP occurs. The 
weight curve in Figure 1 is plotted for a tip speed of 800 ft/sec. Rotor weights 
for other tip speeds can be obtained by utilizing the conversion formula provided 
in the curve notes* Figure 2 shows a curve of gearbox weight as a function of 
the maximum delivered output torque* The curve is based on a total gear ratio 
of 8:1. Gearbox weights for other gear ratios can be obtained from the conversion 
formula provided on the curve* 

The curves provide uninstalled rotor and gearbox weight estimates and the major 
components included are defined on the curves* An assessment has been made of 
the additional components and weight required for a fully installed Prop-Fan 
propulsion nacelle package* The additional components Included: 

• Nacelle cowling and fairings 

• Nacelle structure for attachment to wing 

• Engine-to-gearbox coupling structure and shaft 

• Engine/gearbox mounting to nacelle structure 

• Engine air inlet ducting 

• Engine exhaust system 

. Fire control system 

. Gearbox cooling and oil tankage system 

• Engine starting system 

• Hydraulic system and hydraulic fluid 

• Electrical system 

• Fuel system 

• Pneumatic system 

. Engine and Prop-Fan control linkage 

It is estimated that the fully installed Prop-Fan propulsion nacelle package 
(Prop-Fan rotor and gearbox, turboshaft engine and above listed additional 
components) would weigh 1.3 times the sum of the rotor, gearbox and engine 
weight* This factor is based on a turboshaft engine weight of 0*167 lbs. 
per SHP (0.101 Kg per Kw). 
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Sample Weight Calculations : 

Rotor : 

Given: Diameter, D * 16 ft. 

Max. operating horsepower to the Prop-Fan • 17,920 

Calculate: » 17 a? 2 £ - 70 

D 2 (16) 2 

Rotor weight from Figure 1 is 2070 pounds or 940 kilograms. 

Gearbox : 

Calculate: Max. output torque * 4.125 (SHP)(D) 

Torque - (4.125) (17,920) (16) - 1.1827 x 10 6 in-lbs. 

Gearbox weight from Figure 2 is 1450 pounds or 658 kilograms. 

Mote: The above torque equation is based on a tip speed of 800 ft/sec. 

the torque by 800/TS for other tip speeds. 


Modify 
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GUIDELINES FOR PROF-FAN INSTALLATIONS 


It is recommended that the attached installation guidelines be included in 
general parametric and prelimi lary design studies of Prop-Fan propulsion sys- 
tems, Previous studies have shown that the selection of the most appropriate 
Prop-Fan configuration and power loading (SHP/D^) has to include an assessment 
of Prop-Fan diameter and its impact on the aircraft design. 


The following installation guidelines are attached: 

. Prop-Fan tip-to-fuselage clearance (Figure 1) 

. Prop-Fan tip-to-tip clearance (Figure 1) 

. Prep-Fan tip- to-ground clearance (Figure 1) 

. Prop-Fan nacelle aerodynamic shape (Figures 2 and 1) 

. Minimum Prop-Fan nacelle length and estimated loads (Figures 1 and %) 
. Minimum Prop-Fan whirl flutter stiffness (Figures 5 and 6) 

. Prop-Fan vibration isolation criteria. 
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Units 


Symbol 

Definition 

U.S. 

S.I.* 

d 

Diameter of axisymmetric nacelle shape 

ft 

m 

D 

Prop-Fan diameter 

ft 

m 

F 

>lade tip-to-fuselage clearance 

ft 

m 

H 

Minimum blade tip-to-ground clearance 

ft 

m 

k t 

Minimum effective torsional stiffness 
of wing/nacelle mount system (pitching) 

in-l v s 

radian 

N-m 

radian 

a 

Distance of effective elastic center 
(torsional) of wing/nacelle mount system 
from the Prop-Fan plane of rotation 

ft 

m 

L 

Distance from the wing 1/4 chord station 
to the Prop-Fan plane of rotation 

ft 

m 

M 

Horizontal (yaw) mo: int at the Prop-Fan 
plane of rotation 

in-lbs 

N-m 

>*N 

Maximum aircraft Mach number 



n 

Number of blades 



Si 

Vibration sensitivity, inboard nacelle 

mils DA 


So 

Vibration sensitivity, outboard nacelle 

mils DA 


T 

Minimum blade tip-to-tip clearance 

ft 

m 

V 

Vertical force at the Prop-Fan plane of 
rotation 

lbs 

N 


Wing leading edge sweep angle 

deg 

deg 

4 > 

Firct-order excitation factor 




Angle between the wing zero-lift line 
and the Prop-Fan thrust line 

deg 

deg 

GW 

Aircraft gross weight 

lbs 

Kg 


* S.I. refers to Standard International units 
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FIGURE /. PROP-FAN SPACING REQUIREMENTS 
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for 71*35° 


Reco— ended F * (0.8)D for acoustic purposes 

Minimal F ” (0.2)D for acceptable blade excitation loads 


Note: The above equations are based on D, F, H and T being in feet 

and GW in lbs. 
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SENSITIVITY REQUIREMENTS FOR PASSENGER COMFORT 


(St 2 + S 0 2 ) 0,5 * (0.000472 mils DA) ( ) 


Where and S Q are vibration sensitivities in oils DA per lb. of Prop-Fan 
unbalance for inboard and outboard nacelles, respectively. The sensitivities 
are measured at the aircraft center of gravity and are established by the 
stiffness and Isolation of the wing/ nacelle structure and the Prop-Fan 
mounting. D is in feet. 
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Reliability and Maintainability 


The reliability and maintainability data package contains information suitable 
for use in estimating total values for the Prop-Fan system and gearbox. 

Certain terms used in this package require definition to assure proper inter- 
pretation of their meaning: 

. Commercial Environment is defined as operational use consisting of 
an average duty cycle of 1.25 hours per flight and a monthly 
utilization of 250 hours. 

. Removal Rate is computed based on all removals including those not 
attributable to the hardware such as FOD and improper maintenance. 

In the case of the Prop-Fan, a removal is charged if any assembly 
or component such as a spinner, blade or pitch change actuator 
requires replacement as well as those few cases (less than 1* of 
the total) where the entire Prop-Fan assembly is removed. For the 
gearbox, all removals are of the entire gearbox module. 

The following information Is contained in this data package: 

. Removal Rates . 

Reliability is affected only by the number of blades in the Prop- 
Fan configuration. For the gearbox, there is no variation. A 
table of values versus number of blades is presented for Prop-Fan. 
Values for the gearbox are also provided. 

. Direct Maintenance Man Hours per Flight Hour and Parts Cost per 
Flight Hour. 


(1) Curves are presented for Prop-Fan maintenance manhours per 
1000 unit flight hours as a function of Prop-Fan diameter 
and number of blades. Both Line and Shop maintenance actions 
are included. 

(2) A curve is presented for gearbox maintenance manhours per 
1000 unit flight hours as a function of gearbox torque. Both 
Line and Shop maintenance actions ire included. 

(3) A plot indicating the Prop-Fan parts cost per flight hour 
as a function of diameter is presented. The values are for 
the case of 8 or 10 blades and a disc loading (SHP/D-) of 
75. 

(4) A plot of gearbox parts cost per flight hour as a function 
of gearbox torque is presented. 
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TABLE 1 

Prop-Fan and Gearbox 
Removal Rate 
Commercial Environment 


Removal Race 
(Removals / 1000 FH) 


8 Bladed Prop-Fan 

0.356 

10 Bladed Prop-Fan 

0.364 

Gearbox 

0.040 
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